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EXPERIMENTAL TABLES Insert Bookl et 
(84 pages) 
1) Supplying soilless media with Osmocote (26% N) and other short term 
fertilisers proved to be a satisfactory method of studying the comparative 
nutrition of a wide range of container grown nursery plants using 
factorial experiments incorporating N, P, K and lime. Nutrient response 
surfaces were obtained using a central composite incomplete block design. 
2) Most proteaceous shrubs were intolerant of high P levels due to 
exce?sive luxury consumption resulting in toxic foliar nutrient levels, 
especially in the presence of high N. 
3) Phosphorus sensitivity "in plants appeared to correspond with the soil 
nutrient levels in their native habitat. This applied to species studied 
in the 2 main sub-families in the Proteaceae while similar findings were 
indicated for other Australian genera. 
4) l\ range of optimum N requirements in the Proteaceae was found - lowest 
needs for Protea which also had the greatest tolerance of very low 
fertiliser additions, compared to GreviZZea robusta with much higher N 
requirements and strong foliage growth inhibition if nutrient levels are 
very low. 
5) Proteoi d reot growth on GreviUea rosmarinifoZ-Za only occurred at low 
nutrient levels and was not required for satisfactory foliage growth of 
container grown plants. 
6) Pot plants and seedlings, especially tomato, responded strongly to N 
and often there were positive NK interactions influencing foliage growth. 
Lime requirements were studied and in erica increasing lime rates depressed 
foliage growth. 
7) Comparative nutrition studies indicQte that general or broad spectrum 
contai ner med·j a rnqy be unsuitabl e for some groups of nursery 1J1 ants and 
that they could be replaced by potting mixes designed to meet the widely 
differing needs of the species often grown. The number of specialist 
mixes would depend on the range of. plants and be governed by management 
considerations. 
1. 
CHAPTER 1 
LITERATURE REVIEW 
World Distribution and Evolution of the Proteaceae 
Johnson and Briggs (1974) stated that the first study of the Proteaceae 
was presented by Robert Brown to the Linnean Society of London in 1809. 
Several workers have studied the taxonomy of the family including Johnson 
and Briggs (1963) who made a complete revision of the genem in 1974. They 
stated that the family consisted of 75 genera grouped into 3 sub-families, 
20 tribes and 20 sub-tribes. Hutchinson (1967) had previously classified 
the family into the Grevilleoideae and Persoonioideae but the former 2 
suh-
workers (Johnson and Briggs 1974) have added an additional family. The 
most important genera grown in New Zealand nurseries are classified in this 
system with Toronia added:-
Sub-Fami ly: GREVILLEOIDEAE 
Tribe: KNIGHTIEAE EMBOTHRIEAE GREVILLEEAE MACADAMIEAE BANKSIEAE 
Sub-Tribe: Knightiinae Embothriinae f'1acadami eae Banksieae 
Genera: Knightia Embothloiwn Gl'eviUea Macadamia Banksia 
Tel-opea Hakea Dryandra 
Sub-Family: PERSOONIOIDEAE PROTEOIDEAE 
Tribe: PERSOONIEAE PROTEEAE 
Sub-tribe: Persooniinae Aulacinae Proteinae 
Genera: .Toronia Leucadendron Leucospermwn 
Protea 
Proteaceae is an ancient family and its origin remains one of the 
major phylogenetic mysteries. Johnson and Briggs (1963) consider that 
proto-proteaceous plants existed before the Upper Cretaceous in tropical 
and sub-tropical rain forest. By the end of the Upper Cretaceous, the 
Proteaceae had evolved and distribution was perhaps almost cosmopolitan, 
although evidence for this is rather inconclusive (Rao, 1971). Darlington 
(1965) believes the Proteaceae developed in the tropics and migrated 
southwards during a long period of widespread warm, moist conditions. 
Later, during a cold climate, they became extinct in Antarctica and 
survived only in more northerly refugia, from where they spread south-
wards again with climatic improvement. 
Burbidge (1960) discussed the evidence for an Antarctic origin and 
pointed out that the paucity of Proteaceae in New Zealand is unusual if 
they originated in Antarctica. Rao (1971) believes that Australia was the 
home of the Proteaceae which originated in mountainous rain forests and 
later spread into the lowlands. This is supported by the fact that all 
5 sub-families and most tribes are represented in that country. Separation 
of ancestral stocks occurred early during angiosperm development with sub-
sequent independent speciation in the different land masses. 
Many workers have discussed the past and present distribut·ion including 
Sleumer (1954), Burbidge (1960) and most recently Johnson and Briggs (1974). 
The family is predominantly a Southern Hemisphere one with centres in South 
America, South Africa and the Australasian super-region (including S. and 
E. Asia and Melanesia). The latter has by far the greatest diversity \'/ith 
representatives of all 5 subfamilies; 34 of the 40 genera of Grevilleoideae 
occur in, and 30 are confined to, the region. A noteworthy exception is. 
the subtribe Proteinae which is absent from the region and occurs only in 
South Africa where there are 13 genera which are all endemic. Australia 
itself has 45 (35 endemic) of the 75 genera in the family including 28 
(18 endemic) of the 40 in the Crevilleoideae. 
2. 
South Africa and Australia have no genera in common. South Africa 
contains only 2 genera outside the Proteoideae, both bf which are endemic 
and belong in the Macadamieae tribe of Grevilleoideae (Johnson and Briggs 
1974). Although the Australian flora has a strong affinity with that of 
South America there is little evidence suggesting a similar relationship 
with the flora of Southern Afri ca( Burbi dge, 1960). In the genus Orites 
for example, there are two species in South America and eight in Eastern 
Australia and Tasmania (Rao, 1971). The two New Zealand proteaceous genera 
(Knightia and T01?Onia) are absent from South Afri ca and South Ameri ca, wi th 
Knightia being confined to Nel;<l Zealand and NevJ Caledonia. 
The phytogeographic history of the Proteaceae was discussed by Johnson 
and Briggs (1974) who reviewed the significance of modern theories on plate 
tectonics compared to the old hypothesis of continental drift in terms of 
the distribution and ecology of the early ¢rnteaceae. The present ecological 
distribution and recent reasons for that distribution is of greater relevance 
to nursery container culture rather than the early history. 
Distribution and Habitat in Australia 
The ecology of the Proteaceae in Aus tra 1 i a is of major importance in 
this study because soil fertility and nutrition have played a major role 
in the establishment and persistence of these plant communities. The 
family is most prolific in eastern, southern and south western Australia, 
within 50-150 miles of the coast (Lamont 1973). It is also abundant in 
parts of northern Tasmania, the northern coastal lowlands, Hawkesbury 
Sandstone District in New South Wales and the coastal lowlands of Queensland. 
The climates in these areas can broadly be categorised as temperate with 
long, hot summers and mild winters. The soils, which are invariably sandy 
and deficient in most plant nutrients are some of the most infertile in 
Australia (Lamont 1973). Some of these floristically rich regions have 
predominantly winter rain such as West and Southern Australia (Burbidge 
3. 
1960) but Johnson and Briggs (1974) point out strongly that these develop-
ments did not primarily depend upon the existence of ~lediterranean (winter-
wet, summer-dry) climates despite the fact that it has often been implied 
by many people in the past. Proteaceous genera are rich in the winter 
rainfall area of South Africa as well as Australia but it is more striking 
that they are adapted to a much wider variation in environmental factors 
(Lamont 1973). Floristically rich communities are found in areas like 
Eastern Australia under rainfall regimes ranging from summer maximum in 
Queensland, through even distribution in the Sydney district to winter 
maximum as the truly Mediterranean regions of South Australia are approached. 
It is particularly noteworthy that the "Mediterranean" parts of Australia, 
as noted by Specht (1969, 1972) do not support floristically rich veg-
etation where soil nutrient status is moderate or high. Successive 
ev01utio~ary radiations appear to have taken place on deficient soils 
and under warm-temperat~ conditions of moderate rainfall but too dry for 
closed forest (Johnson and Briggs 1974). 
Many habitats are exposed to strong prevailing winds while others 
may be more protected by landform or tree species. Proteaceous plants 
grow on the lowlands (sandp1ains) and also higher areas on laterite, lime-
stone, granite or sandstone outcrops or flat planes and sand-dunes or 
steep valleys and cliff faces (Lamont 1973). Many of the Proteaceae have 
adapted to drought conditions and have become sc1erophyllous with leathery 
or brittle leaves which have well developed cuticles and thick-walled 
cells (sclereids). These adaptations may also be due to poor nutrient 
supply (Beadle 1966, Specht 1972) although Johnson and Briggs (1974·) point 
out that highly specialised "xeromorphic" anatomical features can hardly 
be a mere by-product of physiological adaptation; they are certainly 
genetically determined, though modifia~le to some degree by internal 
environment of the developing organs. 
4. 
Typical heathland vegetation consists of small ::,~url~ed trees and shrubs s 
including Casuarinaceae (e.g. Casuarina spp.), Epacridaceae (Epac;is spp.), 
c-
r~i mosaceae (Acacia spp.), ~1yrtaceae (Eucalyptus spp.) and Proteaceae 
(Banksia spp.) (Gardner 1959, Specht 1963). It invariably occurs on 
extremely impoverished acid to neutral sandy soils of the moist coastal 
areas of South West, South and Eastern Australia. The soils have very low 
available N, P, K and Ca, while Mo, S, Cu, Zn and B may also be extremely 
low (Specht, 1963; Stewart, 1959; Wood, 1959). P levels may be below 150 
ppm in some soils of the S.W. Province of Western Australia (Beadle, 1962). 
Lamont (1973) pointed out that whilst the low levels of N, P and K occur 
in all areas and prevent the establishment of introduced horticultural 
plants, these soils are not always deficient in Mg, Ca, S, B , Co and Fe. 
He also noted that the soils are often acid, though they may be neutral, 
or even alkaline in the coastal limestone of the Perth Coastal Plain. 
The poorly drained sites are generally very acid. 
Jeffrey (1967) considers that heathland Proteaceae have adapted to a 
low P and N requirement. Beadle (1954, 1968) also favours physiological 
adaptation and believes many of these plants have the ability to tolerate 
a low P turnover. Specht and Groves (1966) found that P is taken up in 
spring and stored as polyphosphate which is hydrolysed to orthophosphate 
and used in growth during summer. Wood (1959) showed that some species 
can pass into a static (but not dormant) condition when P and N levels 
are reduced, and remain in this state for up to two years. According to 
Wood (1959), the low fertil i ty of the son s protects the heathl and speci es 
against invasions by plants with a higher nutrient need. 
Distribution and Habitat in South Africa 
The Proteaceae is one of the most conspicuolls rlowering fami"lies of 
the flora in the South-Western region (winter rainfall) of South Af~ica 
due to the large number of species and their attractiveness (Werner 1951). 
Relatively few species are found in the sUlllmer-rainfall region. The origin 
5. 
(alld other taxonomi c features) of the Afri can Proteaceae has been revi ewed 
by Beard (1959) and Levyns (1964, 1970). Rao (1971) points out that the 
region is a secondary centre of diversification for the Proteeae tribe 
with all African taxa concentrated in the Cape Province. 
The most significant feature, in common with the Australian Proteaceae, 
is that the majority of the South African Proteaceae are confined to mineral 
deficient soils, the most common example being those developed on the 
Table Mountain Sandstone (Johnson and Briggs 1974). Some species of 
Leucospermum extend into the summer rainfall region but always on siliceous 
formations (Rourke 1972) while others may occur in Eastern Rhodesia but 
still on deficient soils such as quartzites on old mountain formations (Wild 
1968). Many of the Cape species are specialised mountain plants which have 
developeq close adaptations to harsh local environments. The species of 
lower elevations show less adaptation but are more resilient than thnse 
that come from higher attitudes (Beard 1959). The latter, such as many 
proteas, are very intolerant of poor drainage and the still, humid conditions 
as found in glasshouses (Halliwell 1970). This is especially important for 
the summer rai nfa 11 proteas such as Prctea caffra (Vogts 1954). Proteas 
•• 
such as P repens and P. c~oZymocephaZa are from lower altitudes and are 
much more tolerant of fertile soils than are 'high altitude ' species (Brits 
1978, pers. comm). Other rapid-growing, 'robust ' , and widely distributed 
species are Leucospermum candicans and Leucadendron adscendens - these 2 
genera are relatively easy to grow (Eliovson 1967). Some species such as 
P. SUBannae grow on limestone soils (Eliovson 1967) while other are seriously 
affected by alkaline conditions (Vogts 1954). 
6. 
P~Qteoi d Roots 
Engler (1889} first noted the unusual root system on proteaceous plants 
and commented on the thick lIabsorption hairsll. Purnell (1960) and Lamont 
(1972 b) gave detailed accounts of the morphology and anatomy of proteoid 
roots. Purnell (1960) defined a proteoid root as a dense cluster of root-
lets of limited growth and occurring along a lateral root. They appear to 
last only one season and by the end of summer are dry and shrivelled although 
the parent roots last indefinitely (Purnell 1960, Lamont 1972 a). Lamont 
(1972 a) found them to be physiologically active for two to three months 
and they seem to be produced by the youngest roots of the root system. 
Proteoid roots may persist for up to a year on container grown plants where 
water is not limiting ~Bradhurst '1954, Purnell 1960). Young proteoid roots 
are usually found on field plants in winter and spring while examination in 
summer usually reveals that they are dry and shrivelled (Purnell 1960). 
Proteoid roots begin to form on seedlings at the time the cotyledons are 
shed (Bradhurst 1954) and have also been noted by the author on cuttings 
at quite an earlY stage of development. 
Proteoid roots have been found on a wide range of Australian Proteaceae 
(Purnell 1960, Jeffrey 19G4 and 1967, Rao 1971, Lamont 1972 a and b, 
Pathmaranee 1974), and have been observed on South African genera by 
Hocking and Thomas (1974). They appear to occur on most Proteaceae and 
similar structures have been recorded on other plants SLlch as Viminaria 
juncea of the family Papilionaceae (Lamont 1972 c) and members of the 
Cyperaceae (Davies et al. 1973). 
Several studies have been made to determine the nutritional significance 
of pl~oteoi d roots. Jeffrey (1967) worki ng in Banlwia ornata heathl and, 
found a discrete zone 2.0 - 3.5 cm thick in the soil profile composed of 
a mass of proteoid roots. The zone was not more than 5 cm deep and pro-
teoid roots penetrated from it into the litter layer. Under some conditions 
the proteoid root carpet may be almost continuous. Jeffrey (1967) considers 
7. 
it may act as a trappi i1g sur face for nutri ents from a number of sources 
including cyclic salts and litter decomposition. In glasshouse culture 
they have been observed to develop on the top surface of a moist bench. 
The development of proteoid ro?ts is greatly influenced by nutritional 
and environmental factors but Pathmaranee (1974) concluded from a detailed 
research study of their biology that 'research on the functioning and 
influence of proteoid roots is clearly in its infancy'. Earlier authors 
agreed that they functioned in the absorption of nutrients, particularly 
phosphorus (Purnell 1960, Groves 1964, Jeffrey 1967). Jeffrey (1967) found 
that they were very effective at absorbing P and considered that this was 
due to their large surface area. Proteoid roots appear to grow more 
prolificly where there is high rather than low levels of soil organic 
matter (Purnell 1960, Lamont 1973, Pathmaranee 1974). The work by Lamont 
(197i b) en the proteoid root production by Hakea species demonstrates the 
complexity of factors governing their development. He showed that the 
proportion of proteoid roots can vary in 4 phases as nutrient availability 
increases." In the field there are 2 important stages, starting with an 
increase in proteoid root production as non-proteoid root growth increases, 
which is followed with a decrease in proteoid root production as non-pro-
teoid root growth increases. He concluded that nutrient concentration, 
especially nitrogen availability, largely determines the relative contri-
bution of proteoid roots to the root systems of Hakea species. Total N, 
available nitrate, P, Ca, and Mg suppressed proteoi~ root production while 
increased pH and bulk density occasionally promoted their production. 
Interactions also occurred, particularly between Nand P. The characteris-
tics of the Hakea root system varied since very few laterals grew at low 
N and high P but when added Nand P were both high there was a far larger 
proportion of fine laterals than at low levels of these two nutrients. 
8. 
The Proteaceae do not appeC!!'" to be mycorrhi za1 (Purnell 1960) although 
Pathmaranee (1974) felt that it is not possible to conclude that the family 
as a whole is-not mycorrh i za 1. She showed that TeZopea specios-issima grown 
in axenic culture produced proteoid roots, which indicates that proteoid 
roots do not arise as a result of an invasion by an endophyte. In contrast 
Lamont and McComb (1974) found that proteoid roots developed in sterile 
soil and they concluded that their formation was stimulated by soil micro-
organisms but which themselves did not invade the parent root. Pathmaranee 
(1974) drew attention to several parallels between the function-and occurrence 
of proteoid roots and mycorrhizas. They both assist plants to grow on low 
nutrient status soils (particularly deficiency P), their occurrence is 
depressed when the nutrient status of the soil is increased (Baylis 1967, 
Harley 1969, Mosse 1973), plants are not obligate1y depend~nt on them and 
both may be more abundant in humus - rich surface soil horizons than deeper 
zones (Harley 1940, Miko1a et aZ. 1966). Baylis (1972) commented on the 
evolution of root systems and stated that root hairs and mycorrhizas may 
have developed as alternative methods for obtaining phosphorus. 
Nutrition of the Proteoideae 
Some general comments on the cultivation of South African proteaceous 
plants have been made by South African and other horticulturists. Werner 
(1951) recommended that these plants should be potted-up into an average 
light soil enriched with some compost or leaf mould with a little bonemeal 
added. He recommended adding a little bonemea1 and/or a dusting of super-
phosphat~ at planting. Vogts (1954) warned against the use of manure while 
Stevens (1965) in Wanganui, New Zealand recommended the opposite and stated 
that he used tons of year-old animal manure in his garden with no ill-effects 
on proteas etc although he never used artificial fertilisers. Manure dug 
deeply before planting may. however, have serious consequences with proteas 
(Vogts 1954). 
9. 
10. 
Parvin et aL (1973) discussed the culture of proteas and similar genera, 
and stated that knowledge of the native environment of proteaceous- plants 
has provided little guidance to their nutrition. They went on to say that 
recommendations varied from no fertilisation (Eliovson 1968) to a "standard" 
fertiliser program (Watson and Parvin 1970). This statement by Parvin 
et aZ. (1973) appears to i ndi cate alack of understandi ng of the requi rements 
of these plants and the reports on their native habitats. Thomas (1974) 
was one of the first workers to make a detailed study of the nutrition of 
·container grown plants and it appeared that the native environment of the 
plants was strongly related to their nutritional response under nursery 
conditions. 
Parvin et aZ. (1973) observed nutritional disorders in several species 
of Protea and noted that new leaves were often red but developed marginal 
necrosis and eventual distortion. They noted that calcium levels we~e 
consistenty low in unhealthy plants and that P was also often very low 
compared to those obtained in Macadamia (Cooil et a"l. 1966). This latter 
comparison needs to be done very guardedly however, since Macadamia is in 
a different sub-family to Protea and more important evolved in a very 
different habitat in another country. 
The effect of mineral deficiencies on the growth of proteas has been 
reported by. van Staden (1967, 1968 a, b). He grew 2 species of protea in 
sand culture and found the plants were very sensitive to variations ;n 
trace element supply and some macro nutrients. In Protea cynaroides the 
dry weight of leaves and stem length were reduced by low levels of K, Ca 
and occasionally N, while a lack of P, Mg, S and Fe had no significant 
effect on any of the characters measured. However soil deficiencies of N, 
K, Ca and Fe reduced the Fe content of the plants and resulted in severe 
chlorosis and necrosis of the foliage. 
Nutrition of the Grevilleoideae 
Beadle (1966) considered that members of the Australian flora adapted 
to low fertility conditions show accentuated xeromorphic characters through 
a reduction in leaf size. Banksia~ Hakea and others were grown in con-
tainers with soil from their native sites. There was a strong and positive 
growth response to added nutrients (Hoagland's solution) with several showing 
changes in leaf morphology and an increase in foliar P content correlated 
with P levels in the medium. Superphosphate and sodium nitrate strongly 
increased the growth of Australian heathland plants on impoverished sandy 
soils but there was greatly increased mortality of seedlings and P toxicity 
was observed as yellowing of the foliage on plants like Banksia (Specht 
1963). Heddle and Specht (1975) later concluded that added P increased 
the growth of well established 'adult ' plants and tended to speed up their 
life cycle, causing them to die many years earlier than usual. Phos~·horus 
was retained in the ecosystem for 2 decades at least and caused the death 
of almo~t all seedling heath plants including 2 species of Banksia. 
Grundon (1972) made similar observations when applying fel~tiliser to 
Queensland heath plants. He found that those in the Proteaceae (Banksia 
and Hakea spp.) ~howed the greatest capacity to utilise low levels of P and 
that varying responses of heath species, particularly those of the Proteaceae, 
to high levels of P depend not on varying sensitivity of tissues to high 
P content, but rather on the amount of P taken up by the plants in media 
with a extreme imbalance in the P:N or P:K ratio, such as with high P and 
low N or K. These heath plants were unable to avoid excessive 'luxury con-
sumption' of phosphorus, leading to toxicity. Many of the damaged plants 
had foliar P levels of more than 1% compared to 0.03 - 0.07 at the lowest 
level of added P. These effects were more severe at low N and in the case 
of Banksia spp. at low K levels. 
11. 
Hodge (1970) reported that fertilisers high in phusphate have been 
responsible for the death of many grevilleas. Iron chelates and iulphate 
of ammonia were recommended to correct chlorosis. H'iggs (1970) in 
nursery container trials found tha~ Grevillea rosmarinifolia developed 
chlorotic foliage with full strength fertiliser treatments at normal 
depths of planting. He found that as time passed, growth was inhibited and 
the lack of vigour became noticeable compared with the healthy appearance 
of plants grown in the half strength and nil fertiliser treatments. Moore 
(1966), and Moore ~nd Keraitus (1966) grew GreviZZea robusta in perlite 
using nutrient solutions and found that development of deficiency symptoms 
for Nand K depended both on the absolute level of each nutrient and also 
the balance of the two. This was particularly evident for K deficiency. 
There was a strong N growth response especially at high K while yellowing 
occurred at low N and necrotic spots at low K. 
Jeffrey (1964) has shown that many Proteaceae are ca1cifuges, and 
because they are adapted to make maximum growth at low Ca levels, they 
are unable to avoid excessive and toxic Ca uptake when gro.wn in soils with 
high levels of Ca. Hockings (1970) states that, in general, grevi11eas 
prefer a soil with definite acid reaction but that there are two quite well 
known exceptions, namely Grevillea robusta and G. striata, both of which 
can thrive in alkaline soils. Lamont (1973) states that iron chelates may 
be necessary to combat chlorosis on pl"oteaceous plants in calcareous soils. 
Liming is, however, recommended for some species and a range of species 
have been observed to flourish in limestone ateas (Lindross 1977). In 
general, fertilisers and lime should be applied with care especially mat-
erials, such as Magamp, which have a high Nand P content (Hockings 1970). 
Lamont (1973) suggested that manure or artificial fertilisers for species 
of the Proteaceae shoul d only be app1'j ed at one tenth of the rate recommended 
for other species. 
12. 
Nutrition of Other Australian Plants 
It has been established that Australian proteaceous plants inhabit 
the most infertile sites and are therefore intolel"ant of high fertiliser 
regimes, particularly high P. Other genera such as those in the Myrtaceae 
and Mirnosaceae are faster growing but are less able (than the Proteaceae) 
to grow in very infertile soils (Lamont 1973). Grundon (1972) established 
the controlling effect of soil fertility on the delineation of plant 
communities by showing that the Proteaceae had faster growth rates than 
other heath or introduced species only in very infel"tile conditions and 
that this advantage was soon lost if the nutrition plane was raised. 
Acacia 
This is a large tropical to temperate inhabiting genus of the 
Mimosace(,·~ and t.he majority of the approximately 1,000 species occur in 
Australia (Hopper and Ma$lin 1978). Pettigrew and Watson (1975) 
reassessed the classification of the genus Acacia and noted that the 
endemic Australian species form a coherent taxonomic group within the 
genus as a whole. They divided the Australian species into tltJO main series 
of Heterophyllum (e.g. A. drummondii) and Uninervea (e.g. A. verticiZZata) 
with the latter primarily for the uninerved phyllodinous species. 
Some species have become highly adapted to extreme soil conditions. 
Thus A. harpophyZZa can tolerate salinities up to and beyond sea water 
concentration and was found to have special mechanisms for conservation of 
its water supply (Gates 1972). Others such as A. obvvl.sata may be highly 
adapted to 1 i ve in very i nfertil e soil s (1 i ke many Proteaceae) and were found 
to be extremely intolerant of high P levels in the med-iuITI (Frolich et al. 
1966). A .. obtusata plants watered with 0.001 and 0.002 M P solutions con-
tained nearly 1.9% P in the foliage cornpal~ed to O.5X for those 'watered 
with 0.0003 M solutions. Fairall (1970) states that nitrogenous fertilisers 
should be used very spar'ingly, if at all, as they pl"oduce an overgrm'lth 
of foliage at the expense of flowers. 
13.. 
BCY'onia 
Boronias belong in the Rutaceae which is a widely distributed family, 
numbering approximately 150 genera from hot and temperate regions of the 
world. Boronia is in the tribe Boronieae of which 18 are from Australia 
and are widely distrubuted (Armstrong 1975). Some species such as Boronia 
heteloophyUa and B. megastigma can survi ve under harsh condi tions and 
tolerate very alkaline soils (Alcock 1976, Lindross 1977). Fairall (1970) 
however states that they generally react poorly to alkaline conditions. 
Hewett (1975) reported that many boronias are very difficult to grow in 
Australian gardens and mentioned nematodes, Phytophthloa and Pythiwn as 
common problems. He recommended a low feeding rate of red Nitrophoska for 
open ground plants. Harrison (1960) states that they are all peat loving, 
but thrive in any lime-free soil that is well drained and never allowed 
to get very dry. Many grow on raised hillocks or decayed tussock in their 
native habitat, and usually in swampy ground (Harrison, 1960). They are 
often found to be comparatively short-lived in gardens (Alcock 1976). 
CaUistemon 
Prakash (1969) looked at various aspects of the life history of 
Callistemon citrinus and noted that the genus contains 25 species which are 
native to Australia and New Caledonia. This genus belongs in the r~yrtaceae 
(along with Eucalyptus) and is reported to be able to withstand hot, dry 
and poor soil conditions (Harrison 1960). Fairall (1970) states that they 
react well to small amounts of organic fertilisers applied in autumn. 
Eucalyptus 
Moore and Keraitis (1971) grew plants of 12 eucalypt species in sand 
culture and found that there were wide variations in the preferred form 
of N and that their responses could be grouped according to their ecological 
~ituations. Woodland species responded with maximum growth when NH 4-N did 
not exceed half the total soil N while others responded to ammonium even 
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when the only nitrogen source. Eucalypts can grow in fairly impoverished 
soils but can also produce rapid growth in more fertile soils (Pryor 1975). 
Over-stimulation with fertilisers will, however, encourage rapid, lush 
growth whi ch is eas ily damaged by weather extremes and therefore young 
plants should not be fed till well established in their second or third 
growing season (Fairall 1970). 
Attiwill (1964) found that seedlings show a marked ability to survive 
with a very low P supply wh-ich is mediated by their ability to redistribute 
it within the plant. Potted plants responded strongly to added P but only 
to modest additions. ~1ycorrhizas were also shown to play an important 
role in P uptake by eucalypts (Malajczuk et al. 1975). 
Kaul et al. (1966 a, b ~ 1968, 1970 a, b) carri ed out a seri es of 
experime~ts on 3 species and groups of hybrid eucalypt seedlings to 
evaluate the effect of removing N, P or K from the growing medium. in 
all cases a lack of P caused severe deficiency symptoms of stunted growth 
and chlorosis and/or necrosis. Eucalyptus citriodora also showed severe 
deficiency symptoms in the absence of K. E. globulus was severely effected 
by a lack of N or P and less badly influenced by no K in the medium. This 
species when sidedressed at 15 months with Nand P responded very strongly 
compared to unfertilised plants in the open ground (Cromer et al. 1975). 
E. grandis also grew very strongly with added Nand P after planting-out 
(McIntyre and Pryor 1974). 
Pryor (1975) states that the great sensitivity of eucalypts to soil 
nutritional status is related to their nutrient cycling and nutrient balance 
in natural stands and that Nand P additions have often been particularly 
(~ 
imporiant for the early growth of eucalypt plantings in various parts of 
the world. He also pointed out that they are extremely tolerant of low 
levels of -many of the minor elements. 
] 5. 
Severa 1 workers have ; ndi Cel ted the importance of genotype and habi tat 
on nutritional requirements. Lidges (1974) found that E. viminalis did 
not respond s~rongly to various rates of 'complete' liquid feed applied,to 
potted seedlings grown in sand. Populations derived from the most fertile 
areas grew the most rapidly. Similarly Parsons and Specht (1967) found in 
pot experiments that certain species demonstrated that particular ecological 
groups can become highly tolerant of calcareous media while other species 
can show severe stunting and chlorosis under similar conditions (Parsons 
and Specht 1967). Moore (1961) also did pot experiments and found that 
certain species were very responsive to exchangeable calcium levels. 
Recent work by Anderson and Lidges (1978) demonstrated that chlorosis 
was associated with the inability of species to assimilate P, K, Mg, Ca 
and Na. They concluded that plant species from acidic soils (calcifuges) 
can have quite different mineral nutrition to those from calcareous soiis 
(calcicoles). These differences can be quite large even within the one 
genus of Eucalyptus or between different populations of species. 
Nutrition of Northern Hemisphere Shurbs 
Camellia 
. Furuta (1969) classified plants into 3 groups according to their 
sensitivity to soluble salts. Camellias were placed in the most sensitive 
group and were considered intolerant of moderate salinity levels. Excess 
fertiliser is one of the most common sources of injury to camellias in 
horti culture and the mai n requi rement for growth is pl enty of organi c 
matter and water plus good drainage (Pearson 1958, Wills 1971). 
Nitrogen is considered the most important major element for camellia 
growth (Bonner and Honda 1950, Furuta et al. 1954, North and Wallace 1966! 
Bates 1971). Bonner and Honda (1950) reported that P and S were l~ss 
critical while K, Mg and Ca favoured vegetative growth. Increasing K 
levels resulted in reduced growth. Furuta et al. (1954), using peat/sand 
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(1:1) for container culture, concluded that an NPK ratio of 3:2;3 produced 
the most vegetative growth. 
Bonner (1947) found that increasing fertility from a low to medium 
plane of nutrition greatly increased flower bud set when combined with 
high light intensity. Scott (1977) reported on trials carried out on 
CameZZia flowering over several years. High N combined with adequate 
P and K were found important for bud set. The results varied with the 
variety and season. 
Camellias are considered to prefer a higher than normal proportion 
of ammonium to nitrate in their nutrient supply (North and Wallace, 1966). 
This is supported by research on tea (c. sinensis) by Ishigaki (1974 and 
1975)~ Ishigaki and Hoshina, (1977) and Selvendran and Selvendran (1973). 
The latter found that the N content of the foliage increased steadily 
for about 40 days following N fertiliser application. Ishigaki and 
Hoshina (1977) found tea plants sensitive to high levels of all macro 
nutrients and that NH4-N gave increased growth coupled with higher uptake 
of N, Mn, Al and Fe than with N03-N. Some nutrient antagonisms occurred 
including K:NH4-N and Mg:K using sand culture experiments. 
Willson and his colleagues reported on a series of experiments in Kenya 
which examined the response of tea (CameZZia sinensis) to N, K, Ca, Mg 
(Willson 1975 a, b, c, d) and P fertilisation (Willson et aZ. 1975). 
Nitrogen additions gave the greatest growth response and tended to reduce 
the foliar levels of base cations. The response to other fertilisers was 
generally minor despite the fact that potassium was found in greater amounts 
than the other macro-nutrients measured in the foliage. 
17. 
Choisya 
This shrub is in the Rutaceae and is native to Mexico. It was 
reported as being adaptable to a wide range of conditions (Harrison, 1960) 
and is commonly grown in New Zealand gardens, particularly Canterbury 
because of its tolerance of cool wet winters and warm dry extremes of 
summer. 
Plants in the Ericaceae (and Theaceae) are very susceptible to 
salt damage (Klougart and Bragge Olsen 1969). Ericas require only low 
concentrations of liquid feeds (50 ppm of Nand K20) compared with up to 
200 ppm for other plants (Carter 1973). r~organ (1973) grew Erica carnea 
'Springwood White ' with a range of slow release fertilisers and found 
Osmocote was the most suitable since chlorosis occurred with others like" 
Enmag and Planosan, even though the plants had grown well. The same culti-
var appeared more prone to poor establishment after potting, chlorosis and 
die back if grown in soilless media rather than in a John Innes mix, 
especially when high feed rates were used (Anon 1971). 
John Innes composts were found to be unsuitable for calcifuge plants. 
Erica species were used to investigate the use of 'flowers of sulphur l as 
a substitute for chalk in the composts (Sutton 1958) and appeared to prefer 
an acid medium. Susceptibility to chlorosis was observed to vary according 
to the species, and it was found that the trouble was least likely to occur 
at pHis below 6 and prevented by maintaining the pH at between 4.5 and 6.0 
(Alvey 1955). It was also noted that there was less chlorosis in loamless 
rather than soil media but growth was better in John Innes potting mixes. 
Gray (1971) gave recommendati ons for treatment of soil l11i xes to make them 
lighter and improve their aeration. Improving the physical characteristics 
of media such as increasing the aeration would help overcome chlorosis 
problems reported by early workers. 
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Objectives of Study 
The objectives of this study were to examine the comparative nutrition 
of a range of container grown species with emphasis on the Proteaceae. 
Work initially concentrated on serious problems encountered by New Zealand 
nurserymen in container culture of proteaceous shrubs. Further work 
indicated that it would be of value to look at the comparative nutrition 
of an increasing range of plants particularly since difficulties were being 
encountered with other species. It was convenient to widen the scope of 
the work because the investigating techniques had been broadly standardised. 
In other words media, fertilisers and growing conditions could remain 
relatively constant while different plants could be 'screened' for their 
nutritional needs to allow emphasis on comparative nutrition which became 
the main objective of the work. In this way such inputs as media, fertili-
sers and growing conditions were held relatively constant i~ order to 
emphasise the nutritional characteristics of different nursery plants. 
This wa~ reinforced by repeating experiments so that the influence of var-
iables such as time of year and its consequent effect on growth via photo-
period etc could be minimised. 
The standardised techniques used had the secondary objective of 
providing information which could be directly related to nursery container 
production. This appeared important not only to overcome difficulties in 
the culture of plants like proteas but to aid in the design of media which 
will improve the efficiency of production techniques. Research carried 
out wi th thi s objecti ve has been very 1 i mited parti cul arly with Southel~n 
Hemisphere shrubs since much of it has primarily been done to study 
ecological and botanical features. This work therefore utilised media, 
fertilisers and growing techniques which were as closely rela.ted as poss-
ible to commercial practise. Osmocote slow release fertiliser and the 
commonly used peat/perlite and peat/sand media were therefore chosen. 
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Many nurserymen attempt to grow a wide range plants s~ecies in the 
same general potting mix. The most profitable approach is to produce 
plants as rapidly as possible to the maximum size, in the shortest length 
of time and with minimum losses. This work is potentially of most benefit 
to the large scale or specialist producer who is able to modify media 
nutrient levels to suit the specific requirements of groups of similar 
species. 
To meet the objectives of this study the work beg~n with a basic 
examination of the nutrition of GY'eviUearosmar>inifoUa including soil 
and foliar analyses (Chapter 1). This species became the main test 
plant and was used in 8 of the 35 experiments (Appendix I). Chapter 
2 reports on the comparative nutrition of 4 widely differing species 
which were all grown in similar 23 factorial experiments. The signifi- . 
cance of soil v soilless media and types of fertiliser was then studied 
(Chapter 4), using tomato as a high fertility plant in contrast v1;th two 
proteaceous shrubs. Three Australian and 1 Mexican shrub were then invest-
igated in Chapter 5; these were from 3 families other than the Proteaceae. 
In Chapter 6 the detailed nutrition of 2 proteaceous shrubs and 1 
Australi~n species, involving nutrient response surfaces, was studied. 
This was then followed by a similar examination of the nutrition of an 
erica species and then the comparative nutrition of a range of pot plants 
and seedlings. Finally Chapters 9 and 10 concentrate on the Nand P 
nutrition of a wide range of species. 
20. 
CHAPTER 2 
NUTRITION OF CONTAINER GROWN 
GREVILLEA ROSMARINIFOLIA. AI CUNNI 
ABSTRACT 
Nutrition of GreviZZea rosmarinifoZia was studied in two experiments. 
Plants were grown in 'Plantabags ' with peat/perlite (1:1, vv) supplied 
with slow release and conventional nursery fertilisers. Plants responded 
strongly to 450g N/m3 but were severely depressed if 300g P/m3 was also 
added. High foliar nutrient levels o~curred if Nand P fertilisation was 
high, while proteoid root production was strongly suppressed under these 
conditions. 
21. 
INTRODUCTION 
The container culture of proteaceous shrubs in New Zealand has often 
presented di ffi cul t"j es because nurserymen have often fai 1 ed to fully 
appreciate the nutritional requirements of these plants. This has lead 
to toxicity from excessive levels of Nand P, while others may grow these 
pl ants wi th i nadequa te nutri ent supply in order to avoi d fey'til i ser damage. 
GreviZZea rosmarinifoZia is a typical cultivated species from the 
Australian heathlands. The soil of these regions are generally very 
infertile being low in N, P, K, Ca and trace elements (Specht 1963~ 
Stewart 1959; Wood 1959). Beadle (1954, 1968) and others have stated 
that these plants are adapted to growing under a low Nand P regime and 
some species can store phosphate until it is required in the growing season 
(Specht and Groves, 1966). Most Proteaceae have proteoid roots 
(Pathmaranee 1974) which are primarily an adaptation to low fertility 
conditions (Lamont 1972 b). Their presence has sometimes been noted by 
nurserymen and i nformati on on the si gni fi cance of these root structures 
in terms of occurrence and relative importance in nursery media appears 
to be needed. 
The two experiments reported here were designed to examine the response 
of container grown Gl'eviUea rosmarinifoUa to various levels of fertilisers. 
They also provide basic information for further studies on the compar~tive 
nutrition of a range of nursery proteaceous species and other non-related 
groups. 
22. 
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MATERIALS AND METHODS 
Plant Species and Growing Conditions 
GreviUea rosmarinifolia was grown in two experiments involving 400 
plants as shown below: 
Expt. A 
Expt. B 
No. of 
Treatments 
13 
8 
Replicates 
(Pl ants/treat,) 
24 
10 
Bagged 
22.9.72 
14.12.73 
Dates 
Lifted 
2.5.73 
6.8.74 
23. 
All plants were raised in a glasshouse from semi-ripe tip cuttings under 
mist and were potted-up into tubes containing very low nutl~ient levels. 
The minimum glasshouse temperature was 150 C while the maximum was close to 
50 C above ambient temperature. Hand watering was done when required and 
no fertiliser side-dressings were applied. 
Experimental Design, Media and Fertilisers 
The experiments were both 23 N, P, K factorial designs using randomised 
blocks. Five additional treatments were added to Experiment A (Table 1). 
The medium used was equal parts (1:1, vv) Southland sphagnum peat (Dipton) 
and fine grade perlite. The physical and chemical characteristics of each 
medi urn were descri bed by Goh and Haynes (1977 a) and Morri son et al. (1960), 
respectively. A base dressing of 0.25 kg of Osmocote 18/2.6/10 was used 
for all treatments. Additional rates of N, P and K were supplied from 
Osmocote (26% N), Superphosphate (9% P) and sulphate of potash (39% K) 
respectively. All treatments received a basal dressing of the following: 
4.5 kg/m3 dolomite lime, 1.5 kg/m3 agricultural lime (CaG03), 75 g/m
3 
ISequestrene' iron chelate (Na EDTA Fe with 12% iron) and 'Sporumix AI 
(150 g/m3 containing 1.14% B, 0.62% Zn, 1.27% Cu, 5.46% Mn, 0.06% Mo, 0.05% 
Co, 9.78% Mg). The media and fertilisers \</ere well mixed and then trans-
ferred to PB5 (2!21) 'Plantabags ' just priol~ to potting. 
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Media Analysis 
A range of soil analyses were carried out on potting media from 
Experiment A, 2 months (23.11.72) after potting. Three samples of 3 em 
diameter to a depth of 8 cm were obtained from pots in specific treat-
ments aggregated together and mixed to give a composite sample. Nitrogen 
analysis was carried out in the Lincoln College Soil Science laboratory 
using the Kjeldahl N digestion technique. Hoskins steam distillation 
with magnesium oxi de for determi ning exchangeab 1 e ammoni um and titanous 
sulphate for nitrate were used. 
Soil analyses were carried out by Vautier Enterprises Ltd (now 
Water, Soil and Laboratory Services, Napier) who used Truog i extraction 
for P, K, Ca and Mg and soluble salts by the methods described by Metson 
(1956) . 
Foliar Analysis 
Five samples of foliage were randomly selected from plants in factorial 
treatments in Experiment A. These samples were then sent ·to the Ministry 
of Agriculture and Fisheries at Ruakura Research Station where samples 
were ground and then analysed to determine the levels of N, P, K, Mg, Ca 
and Na. 
Nitrogen levels were determined using the sodium phenate method which 
was adapted from the Gehrke -Wa 11 method for automated ni trogen methods 
for feeds (Gehrke, Wall and Absheer, 1973). Gehrke, Wall and Absheer found 
their method compared well with Kjeldahl analysis. Phosphate was determined 
using the molybdenum blue method in the perchloric acid system described 
by Jackson (1958) and modified for use with an auto analyser. Potassium, 
Ca and Na were determined using flame photometry as described by Allan 
(1958) and Mg analysis was by atomic absorption (Allan 1959). 
24. 
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Data Collection and Analysis 
Visual ratings of foliage vigour were carried out on 13.11.72, 
12.12.72 and 30.4.73 for Experiment A and 15.5.74 for Experiment B 
using the following grading system:-
0 = plant dead 
1 = very poor 
2 = fair, lacking vigour, sub-standard 
3 = average grade 
4 = vi gorous 
5 = very vi gorous , strong and high quality 
This type of rating has been used for nutrition studies by D;-ckey 
(1967) and Dickey et at. (1961) and other workers. On completion of 
each' experiment the plants were cut off just above the top of the mediu~ 
and the foliage oven-dried. The root system of plants in the factorial 
part of Experiment A were examined and the proteoid roots were assessed 
by counti.ng the number per plant which were greater than 1 cm long. 
Foliar analyses, proteoid root numbers, visual ratings and dry weights 
were statistically examined using Teddybear (now Crypto/teddybear) computer 
programme for analysis of variance and F test. 
\ 
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RlSULTS AND DISCUSSION 
Growth Response 
Visual ratings of the foliage of plants in Experiment A after 2 months 
indicated Nand P toxicity (Table 1)+. Ratings after 7 months for Experiment 
A and at 4 months for Experiment B then showed a positive response to N 
which was strongly substantiated by the dry weight yields. A strong neg-
ative NP interaction was apparent in all data in the first visual rating 
for Experiment A. High P rates totally suppressed the positive response 
to N and there was severe toxicity when both elements were combined 
at high levels (Table 2). There was generally a strong positive response 
to N in the absence of high P and alternatively high P was not quite as 
toxi c ~·;hE:n accompani ed by 10\11 N. Several 3 factor i nteracti ons occurred 
in Experiment A and in this experiment the unfavourable combination of 
Nand P, was made worse at high K. Specht (1963) stated that Australian 
heathland species should not receive inorganic fertilisers. Lamont (1973) 
also advised that favourable growth of proteaceous species requires low 
nutrient levels, however it appears that G. rosmarinifoZia can be grown 
with inorganic materials and that N should be added but only at moderate 
levels. No chlorosis was observed despite the fact that Higgs (1970) 
noted it with this species grown in a U.C. type mix based on peat and sand. 
The results in Experiment B generally supported those of the first 
trial and medium N plus low P and possibly low K can be recommended for the 
growth of contai nel' grown G. rosmarinifoUa. The additi ona 1 treatment 
with very high NPK levels was clearly highly toxic (Table 1) and this 
species appeared to barely tolerate the very low nutrient levels of the 
nil fertil i ser treatment. The results di d i ndi cate however, that pl ants 
with nil fertiliser were in excellent condition at 2 and 3 months and could 
be held for short to medium terms at low nutrient levels. This was also 
+ Rej'e1? -to 1:nsert bookZet f01? B,xperimentaZ Tables. 
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found by Higgs (1970) who noted that G. rosmarinifoZia did better with nil· 
or half-stength fertiliser than at higher rates, in a short-term experiment. 
Proteoid root numbers per plant in Experiment A were heavily reduced 
by high levels of N, as indicated by the main effect of this nutrient 
(Table 3). Increased P also retarded their growth, particularly in the 
presence of high N or K fertilisation (Table 4). The effect of high K 
additions was unpredictable since they mildly stimulated proteoid root 
numbers at NO Po but at Nl PI assisted in the ~irtual suppression of all 
proteoid root production. No proteoid roots at all were found in Experi-
ment A in the additional treatments receiving very high NPK levels. The 
additional treatment with nil NPK had a mean number of 44.0 per plant. 
This surprisingly low figure relative to that with small additions of N 
and P may indicate that low nutrient levels have a mild stimulating influ-
ence ori proteoid root formation although media N, P, K levels in thes~ 
treatments were not found to be greatly different in the unfertilised pots 
when sampled (Table 7). These results are in agreement with Pathmaranee 
(1974) (also Lamont (1972a)who found that the greatest proportion of pro-
teoid roots occurred at added but low P and N levels and that increasing 
these nutrients strongly suppressed their occurrence in 2 proteaceous 
species. 
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Foliar analyses (Experiment A:J_ 
Foliar N levels were greatest in the presence of high P and K fert-
ilisation (Table 5) and were also high where these nutrients were main-
tained together at low levels in the medium (Table 6), Foliar levels 
of P and K were strongly depressed and Ca moderately reduced by 450g N/m3, 
Foliar Mg \'1as reduced most strongly by high N additions combined with 
low P fertilisation while the opposite occurred with Na uptake since this 
was most strongly promoted at Nl Pl' 
Added P promoted the uptake of N, P, K and Na, and there was no sign-
ificant depression of any of the 6 foliar nutrients. High K fertilisation 
increased foliar P and K levels. Uptake of Mg was mildly depressed by 
250g K'm3 if added P was at low levels. 
,It was notable that foliar N levels with Nl,P l Kl were nearly 2.5 
times greater than with NO Po KO and that high P fertilisation doubled 
the levels of foliar P and increased the uptake of N, K and Na. Accumu-
lation ot high levels of nutrients in the foliage would account for the 
. 
toxicity effect and growth depression which occurred when Nand Pare 
added at high levels to the medium. This is supported by the fact that P 
toxicity symptoms usually appear as distortion, stunting and necrosis of 
the foliage. Loneragan et at. (1966) considpred that P concentrations in 
excess of 0, 8~b of dry wei ght of shoots coul d cause P toxi city symptoms in 
plants. Generally foliar P levels reported here did not reach that level 
but responses varied with species and other fertilisers. 
Grundon (1972) grew Banksia and Hakea spp. in nutrient solutions using 
a simple non factorial experiment and observed P toxicity but concluded 
that it occurred much worse at low N levels rather than high levels as 
reported here. He poi nted out that di fferences bet\'Ieen sens i ti ve p,rotea-
ceous species and others like tomato to high P was not due to sens'itivity 
of tissues to high P content, but rather on the amount of P taken up by 
the plants under conditions of extreme imbalance in the N:P or K:P ratio. 
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29. 
The work reported here (and subsequent experiments) indicate that Grundon'~ 
conclusions do not appear valid for container grown plants and P toxicity 
is most likely to occur when Nand P are both high rather than when 
imbalance occurs between these 2 nutrients. 
Media Analyses 
Table 7 gives the levels of ammonium and nitrate nitrogen found in 
the media in the factorial and additional treat)1lents after 2 months. The 
45g N/m3 supplied as a base dressing (from Osmocote) in all but the nil 
treatments yielded only a small amount of N which was only about double 
the additional treatment containing no NPK additions. Generally the total 
amounts of N found, correlated well with the fertiliser N supplied and 
the 450g N/m3 treatments contained about 10 times the levels of NH4 and 
N03-N as the low rate (Treatments 1-4). The proportion of the two N forms 
was relatively even except for the predominance of NH4-N in the 2 add-
itional treatments containing the very high fertiliser N rate. These results 
are to be expected since NH4 and N03-N are normally released in approximately 
equal amounts from Osmocote fertilisers (Bunt 1976), for example this form-
ulation of 8-9 mcnths Osrnocote contained 53% of the N as NH4 and 47% as 
N03 · 
Phosphate levels (Table 8) were often close to the total gP supplied 
while the nil fertiliser treatment appeared to contain almost as much P 
as those with 30g P/m3. This is partly explained by the fact that 6.59 P 
of the 30 supplied was from 8-9 month Osmocote and that Osmocote is 
generally a slow and relatively poor source of P (Cochrane and Matkin 
1997). Levels of potassium found in the media were relatively proportional 
to amounts supplied and t~g and Ca in plentiful and fairly unHorm amounts 
although very high P levels appeared to increase the total Ca in the medium. 
Ch. 2 
Soluble salt levels were moderately increased by high levels of the 
3 added nutrients. Added fertilisers initially increased the acidity 
but after 7 months pH's were quite uniform with an overall mean of 5.2. 
Media samples were also sent to the Invermay Agricultural Research Station 
where the standard 'Quick Test Methods I were used. These analyses con-
firmed the ones done by Vautier . 
. ·CONCLUSIONS 
Oupl i ca.te experiments with Gl'eviUea l'osmal'in-Z:foUa primarily suppor-
ted each other and indicated that this method of assessing the NPK response 
of container grown nursery plants is sufficiently reliable. Host work 
on the nutrition of container grown shrubs has involved complete fertilisers 
usually in simple design experiments whereas the experiments reported 
here primarily involved single nutrient fettilisers (e.g. Osmocote 26% N) 
in order to utilise factorial combinations of N, P and K. The method 
l 
used therefore combined the advantages of applying individual nutrients, 
as in,hydroponic type experiments, while still making use .of the type of 
fertil i sers and growing sys tem used by commerci a 1 nurserymen. 
This species originated in infertile soils in Australia but will 
grow strongly in response to quite high N fertilisation. The commercial 
implications are that a moderate level of complete fertiliser (if low P 
analysis) should be used in order to supply about 90g N/m3 per month 
(Thomas 1974). Proteoid root numbers will be depressed by these levels, 
however rapid growth and economic production can occur without their 
presence. 
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CH,~PTER 3 
NUTRITION OF CONTAINER GROWN 
GREVIllEA ROBUSTA (l.) L'J PROTEA REPENS L'J 
CAMELLIA JAPaN I CA . L. AND LYCOPERS I COfJ 
ESCULlNTUM MILL. 'BEST OF ALL' (TOMATO). 
ABSTRACT 
The nutrition of 3 woody plants and tomatoes was compared using plants 
grown Jnder glass, in containers with peat/perlite (1:1, vv) supplied with 
Osmocote 26% N, superphosphate and sulphate of potash for the supply of.N, 
P and K. GreviZZea robusta responded strongly to N and proved to be 
tolerant of high P levels. 
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Prot~a repens responded differently to G. robusta and was initially 
injured by high ~I levels and killed in all cases where 300g P/m3 was suppli~d. 
High P additions, especially when accompanied by high N, caused luxury and 
toxic accumulation of nutrients in the foliage. Foliar P levels were increased 
by 9X and N, K, Mg, Ca and Na uptake doubled by a high P supply. 
CameUia japonica was i niti ally i ntol erant of hi gh N fertil i sati on and 
showed negative NP and NK interactions. High N levels were antagonistic to 
K, Mg and Ca uptake and camellia was very tolerant of a low nutrient supply. 
Tomato contrasted strongly with camellia and protea, and growth was 
strongly promoted by high N especially at high K. It was very intolerant 
of low nutrient levels and growth was influenced by a negative NP interaction. 
High K additions were generally antagonistic to uptake of other nutrients. 
INTRODUCTION 
Experiments described in the previous chapter examined the NPK 
nutrition of Grevillea rosmarinifolia. Work on a further two proteaceous 
shrubs and 2 unrelated species is reported here. G. robusta is obviously 
closely related to G. rosmarinifolia but is derived from a different hab-
itat. G. rosmarinifolia comes from the impoverished Australian Heathlands 
while G. robusta is native to Queensland rainforests. 
Hockings (1970) stated that G. robusta is an unusual species since it 
pt~efers more al kal ine condi tions than most others in the genus. It has 
been found to respond to increasing levels of nitrogen especially when 
combined with high potassium (Moore 1966, Moore and Keraitis 1966). 
Protea repens is also in the Proteaceae but in the sub-family Prot-
eoi deae rather than Grevi 11 eoi deae. In additi on proteas are nati ve to· 
South Africa and because of the infertile soils of their native habitat 
are very sensitive to any form of fertilisation (Vogts 1954). Van Staden 
(1967) and Parvin et al. (1973) have observed and described deficiency 
symptoms in proteas. Watson and Parvin (1970) stated that premature death 
of proteas is cummon at any age but mostly attributed this to watering 
problems. They point out that observations indicate that proteas respond 
to standard fertiliser programmes. Serious problems with the container 
culture of proteas havebeen observed in New Zealand nurseries (G. Smith, 
pers. comm.). 
Camellia japonica and tomato experiments are also reported here in 
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order to compare the nutrition of proteaceou5 plants with others as done by 
Specht (1963). He compared the effect of fertilisers on various herbaceous 
~pecies and on South Australian heath species including several in the 
Proteaceae. Several workers have looked at the feeding of camellias including 
Bonner and Honda (1950), Furuta (1954), North and Wallace (1966), Ishagaki 
(1974 and 1975) and others. Many have also studied the feeding of container 
eh. 3 
grown tomatoes including Bunt (1969) and Woods et al. (1969). The former 
worker found that the response of tomato seedlings to Nand P varied 
according to the season. 
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MATERIALS AND METHODS 
Plant Species and Growi~ Conditions 
Four experiments involving 700 plants were carried out and the species 
involved and laying-down details were as follows:-
Expt. Plant Speci es No. of Repl icates Dates 
34. 
Treatments (Plts./treat.) Bagged Lifted 
A GreviZZea robusta 8 10 14.12.73 6.8.74 
B PY'otea repens 8 15 26.3.73 10.6.74 
C CameZZia japonica 8 + 5 25 25.9.72 25.9.73 
0 Lycopersicon escuZentum 8 + 5 15 14.6.73 25.8.73 
IBest of All I (tomato) 
Plants were raised from seed and pricked out into tubes containing. 
very low nutrielit levels except for tomato which was transplanted directly 
into the final containers. All experiments were carried out in a heated 
glasshouse equipped with automatic fan ventilation. The minimum glasshouse 
temperature was 150C while the maximum was close to 50 C above ambient temp-
ature. Hand watering was carried-out as required. 
Experimental Design, t"ledia and Fertilisers 
All experiments were based on a 23 NPK factorial with 5 additional 
treatments for Experiments C and o. The same rates as those given for 
Experiment Ain Chapter 1 (plus one treatment with slow release Osmocote) 
were used and are given in Table 3. The same visual ratings were used as 
those described in Chapter 1 for Experiment A (Table 1). The medium for 
all experiments was equal parts (1:1, vv) Southland sphagnum peat (Oipton) 
and fine grade perlite as descl~ibedfor Experiment A, Chapter 1. All fert-
iliser details, foliage analysis and data collection was the same as before. 
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RESULTS AND DISCUSSION 
GreviZZea robusta 
This species responded very strongly to nitrogen while no other main 
effects nor interactions were significant (Table 1). It was noteworthy 
that equal growth occurred at high P as at low levels with absolutely no 
indication of toxicity. Foliar levels at harvest are shown in Table 4 
where again there were no interactions. High N fertilisation only mildly 
increased foliar N (p = 0.08) while uptake of K and Ca was strongly 
depressed. Increased P levels in the medium promoted foliar levels of 
all elements except K, with P and Ca uptake being particularly strong. 
High levels of added K strongly enhanced foliar K and mildly increased P 
uptake. 
QreviZZea robusta is native to Queensland and its native habitat is 
rainforest rather than the more infertile sites colonised by the 
Australian heathland Proteaceae. An indication of the cosmopolitan nature 
of this species is that Willson et aZ. (1975) commented on the shading 
effect of large G. robusta trees growing in Kenya. It appears to be a 
fairly adaptable species. Hockings (1970) states that, in general, gre-
villeas prefer a soil with definite acid reaction but that there are two 
quite well known exceptions, G. robusta and G. striata, both of which can 
thrive in alkaline soils. 
G. robusta can be grown successfully as a pot plant and JIP2 was 
recommended for potting-on from 7 to 12clll pots (Anon 1962). Moore and 
Keraitis (1966) grew this plant in perlite using nutrient solutions. They 
noted a positive NK interaction with many growth parameters. Potassium 
enhanced the dry matter yield of leaves but this occurred mainly at the 
highest N rate. Perlite itself has very low nutrient levels (Morrison 
et aZ. 1960) while the medium used in the present study contained 20 - 60 
ppm K at 2 months when supplied with 259 K/m3 from the slow release Osn~cote 
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base dressing (Table 8, Chapter 2). The high rate of K w~s presumably 
not required although it is surprising that the low rate was adequate 
when 450g N/m3 was applied. There was certainly strong foliar uptake with 
high K fertilisation while the depression of foliar K with high added N 
probably indicates the need for both nutrients together. 
Protea repens 
Nitrogen and phosphorus both strongly influenced growth while pot-
assium had no statistically significant influence (Table 1). It is quickly 
apparent that the high P rate was highly toxic and even 5 weeks after 
potting severe toxicity had occurred which eventually resulted in the 
death of all plants receiving 300g P/m3. Initially P toxicity was more 
severe in the presence of high N levels than in the absence of N (Table 2) 
which is a similar response to that of Grev.iZZea rosmarinifoZia (Chapter 2). 
The N rate was clearly too high for this protea and growth was depressed 
by high N in all 3 ratings. The tops of the shrubs were initially burnt 
back due to high N and it wasn't until the latter part of the experiment 
that new growth occurred in these treatments but was insufficient to give 
a significant dry weight increase. 
Foliar levels of nutrients were markedly influenced by fertiliser 
treatments particularly by Nand P (Table 4). Added N strongly promoted 
foliar N, Mg and Ca levels while Na was mildly increased and K uptake 
depressed. The effect of high P levels in the medium was outstanding and 
the uptake of all 6 nutrients was strongly pr6moted. Foliar levels of P 
were nearly 9X higher while all other foliar nutrients were doubled or close 
to this level of increase in treatments with high as compared with low P 
additions. Foliar P, K and Na were highest at PI Kl and Ca and Na uptake 
at high Nand P (Table 5). 
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Guidelines given for the culture of proteas indicate that potting media 
should contain little fertiliser (Werner 1951) and manure should not be 
dug around the roots when planting (Vogts 1954) but can be used around 
plants if applied to the soil surface (Stevens 1965). In essence these 
recommendations state that proteas will respond to low levels of fertil-
isation while high nutrient levels in the root zone must be avoided. 
The most significant feature of the nutrition in their native habitat~ 
(in common with the Australian Proteaceae -) is that the majority of the 
South African Proteaceae are confined to deficient soils, for instance 
Table Mountain sandstone (Johnson and Briggs 1974). Some species extend 
into the summer rainfall region but live on siliceous formations (Rourke 
1972) while others may occur further north on deficient soils such as 
quartizites on old mountain formations (Wild 1968). Protea repens is 
from lower levels and is more tolerant of fertile soils than higher altitude 
species (Brits 1978, pers. comm.). Parvin et at. (1973) discussed the 
culture of the Proteaceae and stated that knowledge of the native environ-
ment Qf proteaceous plants has provided little guidance to their nutrition. 
They went on to say that recommendations varied from no fertilisation 
(Eliovson 1967) to a "standard" fertiliser program (Watson and Parvin 1970). 
This statement by Parvin et aZ. (1973) appears to indicate a lack of under-
standing of the requirements of these plants and the reports on their 
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native habitats. They observed nutritional disorders in several protea 
species and noted that foliar Ca levels were consistently low in unhealthy 
plants while P was also low compared to those obtained for other Proteaceae 
(macadamia) (Cooil et aZ. 1966). This was an unjustified comparison since 
macadamia is not only in a different sub-fa.mily but occupies a very diff-
erent habi tat - it is i ndi genous to the Queensl and rai nfores t (l-j ke GreviUea 
robusta) , and recent unpublished research in this department indicated 
macadamia to be tolerant of quite high fertility condHions, including high 
P. 
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Van Staden (1968 b) fou~d that, with the exception of K, Ca and in two 
instances N, deficiencies of major nutrient elements had relatively little 
effect upon the growth of P. cynaroideB grown in pots containing sand. 
Deficiencies of K and Ca resulted in a reduction of almost all measurements 
of root and foliage growth, while N deficiency only affected dry weight 
yield of leaf and root. An absence of P, Mg, S and Fe from the nutrient 
solution had no significant effect. These results indicate that this 
protea is very tolerant of extremely low P levels and quite tolerant of a 
lack of N and therefore able to grow under a very low general plane of 
nutrition providing K and Ca are not too low. These results help to explain 
the sensitivity of P. repens~ in the present study, to high Nand P levels 
since the plant appears adapted to very low levels. 
Foliar P levels of a range of samples taken from P. neriifolia growing 
on 3 sites in Hawaii ranged from 0.03 to 0.12% (Parvin et al. 1973) while 
Van Staden (1968/b) observed levels between 0.003 and 0.009g%. These 
figures are all below foliar P levels found in the 30g P/m3 treatments in 
the work reported here. The high P treatment which was highly toxic pro-
~uced foliar P levels 10 times greater than Parvin et a~'s highest figure 
and 150 times that of van Staden. 
Parvin et al. (1973) noted that unhealthy proteas with red colouration 
in the leaves had low foliar Ca levels (0.2 or 0.3) compared with healthy 
leaves (0.5%). Van Staden (1968 b) found that severe chlorosis and necrosis 
was related to low Fe content induced by deficiencies of N, K, Ca or Fe in 
the medium. Foliar Ca levels exceeded 0.5% and no chlorosis was observed 
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in the present study. Added P had a very strong and outstanding promotive 
influence on the uptake of all nutrients while van Staden (1968 b) surprisingly 
found that it only significantly enhanced foliar K and Ca. 
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Camellia japonica 
Initially this plant showed intolerance to the high N rate and foliage 
growth was depressed after 2~ months (Table 1), which was made slightly 
more severe in the presence of high K (Table 2). An increasingly strong 
N response was evident at 6~ and 9~ months, particularly in dry weights 
(Table 2), and it was noticeable that this was inhibited by high P in the 
visual ratings. High P also strongly suppressed the dry weight response 
to N. 
High N fertilisation increased foliar N, Mg and Ca, and was antagon-
istic to K uptake (Table 4). High P levels generally promoted nutrient 
uptake. They increased the foliar levels of P, K, Ca and Na (P = 0.06). 
The influence of added P on foliar P was strongest in low N and most pro-
motive for foliar Ca when added K was low (Table 4). High K fertilisation 
increased foliar K levels and depressed Mg uptake (Table 4) but appeared 
to have no other significant influence. 
Table 3 gives the response of camellias to additional treatments 
involving very high NPK levels and one with no fertiliser applied. Plants 
were surprisingly tolerant of the latter and conversely severely damaged 
when N, P and K were all at very high levels. Very high P and K (600 and 
500 g/m3 respectively) were slightly less phytotoxic (dry weights) than when 
high N was also present. Excessive levels of NH4-N, P and soluble salts 
-(see Tables 7 and 8, Chapter 2) probably caused the supressed growth. The 
very high N levels (additional treatment 1) were inferior to nil rate (along 
with the very high P, K and NPK treatments) at 2~ and 6~ months. By the 
end of the experiment (after 12 months) nitrification would probably have 
converted much of NH 4-N to N03-N and would account for this treatment 
yielding higher dry matter yields than other additional treatments and all 
factorial "treatments (although there was no combined analysis with the 
latter). Growth would therefore have occurred in the latter part of the 
experiment and plants in the very high N treatment were able to use the 
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prolonged availability of N despite the initial excessive levels. No slow 
release N sources were used in this experiment. 
Camellias have a relatively slow growth rate, are intolerant of mod-
erate salinity levels (Furuta 1969), and are susceptible to injury by 
excessive fertiliser levels (Pearson 1958, Wills 1971). This was confirmed 
in the present study where high Nand P were mildly toxic at various 
stages. The high total N levels and excessive soluble salts were probably 
the main causes of growth suppression since tea (c. sinensis) (and probably 
c. japonica) has been shown to have a preference for NH 4-N rather than 
N03-N (Ishigaki 1974 and 1975, Ishigaki and Hoshina 1977, and Selvendran 
and Selvendran 1973). It was also noticeable, in the work reported here, 
that luxury uptake of nutrients readily occurred with c. japonica parti-
cularly with high P fertilisation. This would help to account for the 
plants observed sensitivity to high N ~Ind P and probably indicates an 
innate abil ity to extract scarce nutrients from the soil. (and consequently 
very high nutrient levels in nursery media should be avoided). They may 
have ~volved in a woodland habitat which was generally fatrly infertile. 
The main growth response was to N and it has been noted by several 
workers that this is the most important element for c. japonica growth 
(Bonner and Honda 1950, Furuta et al. 1954, North and Wallace 1966, Bates 
1971). Moderately high N plus simply adequate P and K were found the 
most suitable combination for the nutrition of high quality flowering 
c. japonica plants (Scott 1977). 
Increased N fertilisation, particularly NH4-N (Ishigaki 1974, Ishigaki 
and Hoshina 1977) giv~a proportional increas~ in foliar N levels in tea 
(Willson 1975 a). Antagonism with NH 4-N v K and K v Mg were noted by 
Ishigaki and Hoshina (1977). N fertilisation can depress foliar K, Mg and 
Ca, while added P levels can increase Ca uptake especially if K additions 
are low (Willson et al. 1974, Willson 1975 a, b). These relatipnships 
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were substantially confirmed in the present study indicating, perhaps, the 
similarity between the two camellia species. 
Zurbicki and Shtraussberg (1964) considered that foliar N levels in tea 
have a rather stable optimum of around 4.7% and that whenever N fertil-isation 
was highly effective it was always accompanied by a considerable increase 
in foliar N levels. Willson et aZ. (1974) and Willson (1975 a, b, c, d)' 
gave the following nutrient contents for tea foliage: 
N 2.9 - 4.9 
P 0.22 - 0.25 
K 1.68 - 1. 72 
% Leaf Dry Matter 
Mg 0.16 - 0.21 
Ca 0.3 - 0.4 
The P and K levels were similar, N was not as high, and Mg and Ca 
much higher for the foliar analysis of c. japonica reported here. The low 
N levels in Experiment C' compared to foliar uptake found by Willson 
probably indicate that the N supply was not of sufficient duration to 
maintain foliar N at comparable levels. Mild N rleficiency could have 
occurred in the latter part of the experiment since N fertilisation was 
primarily from short term Osmocote. Foliar Mg and Ca "iildicate that the 
supplied dolomite and carbonate of lime provided ample quantities of these 
elements when used at 6kg/m3 (3:1 ratio). 
Lycopersicon escuZentum 'Best of All I (tomato) 
Tomato was a highly responsive species and particularly to Nand K 
fertilisation (Table 1). Growth was almost non existent at low N while 
K was very promoti ve at and after 2 months. The pl ants at 1 month 
indicated their essential need for high N and highest visual grades occu-
rred at Nl Po Kl (Table 2). There was a response to P if this was coupled 
with high K and low N. A similar relationship remained at 2 months but 
high P merely reduced the N response in dry \'Ieights (Table 2). Foliage 
41. 
Ch,. 3 
growth was strongly stimulated at high Nand K in both rating3 and part-
icularly dry weights. Little response to K occurred with low N additions 
but strong synergism occurred when both were at high levels. 
The influence of NPK fertilisation on foliar nutrient levels in 
tomato was just as dramatic as the growth responses (Table 4). High N 
fertilisation strongly promoted foliar N particularly at KO (Table 5). 
Foliar Na was also increased (Table 5) as was Mg, if added K was at low 
levels. Uptake of Ca was depressed by high N supplements. 
The high rate of added P increased the uptake of Nand Ca but foliar 
P and Na were only enhanced if Nand P additions were both high (Table 5). 
High P fertilisation depressed Mg uptake. High K fertilisation reduced 
the level of most nutrients except foliar K which was more than doubled 
(Table 4). Reduced levels of all other nutrients occurred with high K 
fertilisation although this depended on the presence or absence of added 
N in the medium (Table 5). 
The additional treatments given in Table 3 emphasise the need for, 
and tolerance of, very high nutrient levels in tomato compared to other 
species. Nil levels of nutrients prevented growth while even a medium 
level of balanced nutrients supplied from slow release Osmocote (18/2.6/ 
10) were clearly inadequate to sustain rapid growth. Very high NPK levels 
individually applied and combined (Treatment 4) did not produce signifi-
cantly different visual ratings between each other and it was noticeable 
that the foliar dry weight did not respond to very high N i.n the absence 
of additional high levels of P and K. The very high NPK level (Treatment 
4) was superior to the latter and presumably the beneficial effects of a 
positive NK interaction overcame the problems of high NH 4-N in the medium 
(Table 7, Chapter 2). All very high nutrient levels (Additional Treat-
ments 1-4) yielded dry weights which greatly exceeded the factorial treat-
ments and while there was no combined statistical analysis the high nut-
rient requirements of tomato was clearly demonstrated. 
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Tomato crops remove large amount~ of N from the soil and the rates 
of K required by glasshouse tomatoes are higher than for any other hort-
icultural crop, and up to ten times higher than for many field grown crops 
(Winsor 1973). Brundell et at. (1975 a) reported on a series of nutrition 
and media experiments for soilless culture of tomatoes under glass in New 
Zealand. These crops indicated the need for Nand K in the base fertiliser 
along with dolomite and serpentine superphosphate. Care is needed to 
avoid soluble salts problems in peat modules. ·Their base fertiliser rec-
ommendations for peat modules were a total of 245g N/m3 and 482.6g K/m3 
from calcium nitrate and potassium nitrate. It was therefore not surprising 
that similar Nand K rates were highly satisfactory treatments in the fact-
orial part of the experiment reported here. 
Fisher (1969) used liquid feeds containing 340 ppm and 57 ppm in an 
experiment to study the effect of N supply during propagation. on suL-
sequent fruit production. The high N treatment produced more rapid 
vegetative growth and an increased early crop compared to the low level. 
High fertiliser levels can reduce the growth of container grown tomatoes 
in winter when light levels are low in Europe (Bunt 1969, Woods et at. 
1968). This was most sevpre where high rat~s of Nand Ca were combined 
with low rates of P (Bunt 1969). It was also found that the peat/sand 
(1:1, vv) mixture used was deficient in available nitrogen but that 
increased N levels were more likely to reduce growth with this medium in 
winter, than when a loam mix was used. In sumner the position was reversed 
and there was a positive response to eath increment of N in the loamless 
medium and growth was significantly greater than in the soil mix. 
43. 
Ch. 3 
Brundell (1975 b) reported on work on propagating composts for tomatoes 
in New Zealand. Kinsealy and G.C.R.I. composts were considerably better 
than the loam based JIP2 compost in summer but these effects were much 
less marked in winter. The experi.ment reported here was conducted in 
mid winter but it appears that propagation media can be similar for both 
winter and summer in New Zealand. Experiments conducted in winter in 
England need to be interpretated with caution probably due to the pro-
nounced effect of low light levels. 
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CONCLUSIONS 
The comp~rative nutrition of the four species used in the experiments 
here, indicated widely differing requirements. The tomato was outstanding 
for its high fertility needs and ability to grow satisfactorily when the 
supplied NPK levels were 900-600-500 g/m3 respectively. This contrasted 
with the protea which was injured by levels well below these. GreviZlea 
robusta appeared to have the most similar nutritional requirements to 
tomato because of its high N needs while camellia showed intolerance of 
Nand P resembling protea more than the other two. Tomato differed from 
the others in its very strong foliage growth response when high levels 
of Nand K were combined. 
Genotype is a key aspect of comparative nutrition and the tomato has 
been· bred and selected to grow rapidly and fruit strongly in response to 
high levels of inputs including nutrients, temperature, light etc. and it 
differs greatly from its ancestors (Winsor 1973). The two intermediate 
plants ha,ve evolved in forests and G. robufJta contrasts with camellia 
and G. rosmarinifoZia (Chapter 2) in that it comes from a relatively 
fertile habitat while grevilleas from the Au:;tralian heathlands have 
evolved on impoverished soils. Camellia was initially intolerant of high 
N (especially at Nl PI) and it is probable that the temperate forests in 
which this plant developed were not very fertile. A further aspect with 
camellia is that it does not appear to have a very rapid growth rate com-
pared to tomato or G. robusta and this may be linked to its native habitat 
(wooded hillsides in S.E. Asia: Threlkeld 1962) since it often grows there 
at quite high altitudes (900-1200 m) (Creech 1958) and would not be expected 
to grow very rapidly; c. japonica is the hardiest of the cultivated camellias 
(Synge 1956). Protea was least able to tolerate high Nand P levels and 
this reflects the highly infertile soils of its native country. A similar 
correlation between growth response to added nutrients and genotype was 
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indicated where nil or low nutrient levels were used. At one end of the 
group was tomato which was highly intolerant while protea was only grown 
without toxicity symptoms with under 50g of Nand P per m3. The implication 
that plants sensitive to high fertilisation can tolerate low levels is, 
however, not always reliable since G. rosmarinifolia (Chapter 2) was quite 
highly intolerant of very low N yet sensitive to very high N, and high N 
and P together. 
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NUTRITION OF CONTAINER .GROWN 
HAKEA LAURINA R,BR'J . LYCOPERSICON ES£ULENTUM 
MILL, 'BEST OF ALL' (TOMATO) AND 
GREVILLEA ROSMARINIFOLIA A, CUNN, IN 
SOIL AND SOILLESS MEDIA SUPPLIED WITH 
VARIOUS SLOH RELEASE FERTILISERS 
ABSTRACT 
Five experiments were run to study the influence of media and fertiliser 
sources on the growth of 3 container grown species. Tomato had the highest 
nutrient requirements and greatest tolerance of potentially toxic rates, 
grevi11ea was intermediate and hakea preferred low levels such as NPK 45/30/25 
in combination with a soil medium. Tomato foliage growth was equally prolific 
in peat/perlite (PP1) (1:1, vv) or soil/peat/perlite (SlPP1) (1:1:1, vv) when 
supplied with NPK 450/300/250 or 900/600/500 however root growth (in both 
experiments) was superior in PP1. Growth in soil media, in all experiments, 
was generally greater than in PPl at very low or nil fertiliser rates. Toxic 
levels of NPK fY'om Nitrophoska were more severe on tomato in PP1 than SlPPl 
or peat/sawdust/vermiculite (PSdV) (1:1:1, vv) but increasing the proportion of 
soil in PP1Sl media did little to alleviate depressed top growth in grevillea 
or hakea caused by combinations of P and N or K. Grevil1ea and hakea foliage 
growth was generally strongest at high N coupled with low P, K and added 
soil levels. The negative NP interaction was stronger in hakea than grevillea, 
while K was promotive for grevillea only. High P fertilisation strongly 
I NTRODUCTI ON 
The difference in the behaviour of the principal plant nutrients when 
applied to a peat-sand compost and a mineral soil mix (John Innes) was 
discussed by Bunt (1976). It is clear that the results of nutrition studies 
will vary with the physical and chemical aspects of the medium itself, as 
well as with types of fertiliser and their rates of application. Goh and 
Haynes (1977 a) described the physical and chemical characteristics of 
various soil and soilless media and found that growth of aster varied with 
different media and N sources, Haynes and Goh (1977b) noted that in soilless· 
media plant recovery of N from Osmocote (26% N) was about 10% above those 
for IBDU, sulphate of ammonia and urea but in the soil medium,percent N 
recoveries from all fertiliser treatments were similar. The mean pe~cent­
ages of N immobilisation were 39 for peat-sand, 54 for peat-sand-sawdust 
and 18 for peat-sand-soil. 
The previous two chapters (and subsequent ones) describe nutrition 
studies based on peat/sand or peat/perlite (both 1:1, vv) supplied with 
Osmocote (26% N), superphosphate and sulphate of potash. The objective of 
the work describ2d here was to use different media and fertiliser sources 
from those used in other triC\ls, to further compare nutrition of different 
species. Soil-mixes rather than soilless media were predominantly used. 
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MATERIAL AND METHODS 
Plant Species and Growing Conditions 
Five experiments were carried·out with tomato seedlings and 2 Australian 
shrubs. The plants used, laying down and harvesting dates and the number of 
replicates are given in Table 1. Only Grevillea rosmarinifolia was vege-
tatively propagated, and was raised from semi-ripe tip cuttings under m1st. 
The Hakea laurina seedlings were potted-up into tubes containing very low 
nutrient levels, following initial propagation. The tomato seedlings were 
pricked - out directly into the treatments from seed boxes. All experiments 
were run in a heated glasshouse equipped with automatic fan ventilation. 
The minimum glasshouse temperature was 150 C while the maximum was close to 5°C 
above ambient temperature. Hand watering was done when required and no 
fertiliser applications were made follrwing' l:lying down. 
~erimental Design, Media and Fertilisers 
All experiments, except Experiment C, were designed as factorials. All 
were randomised block designs and Experiment C involved 19 separate treat-
ments. Several media' were used in combinations of peat (P), soil (Sl) and 
Vermiculite (V) in the 5 experiments described here. Sphagnum peat was 
used in all experiments either from Dipton in Experiments A and B or from 
Mataura in all others. Physical and chemical properties of both peats were 
described by Goh and Haynes (1977 a). Perlite (Pl) was a fine grade material 
as described by Morrison et al. (1960) and the soil was Wakanui clay silt 
loam taken from the top 15cm of cultivated ground. The soil's characteristics 
were as follows: pH 5.9, soluble P 5%, organic C 3.1%, total N 0.18%, CIN 
17, Cation Exchange Capacity 10.3 me /lOOml , total bases 5.4 me 1100ml 
and base saturation 52.4%. The properties of vermiculite were described by 
Bunt (1976) and the material used was horticultural grade (number 2) 
exfoliated in New Zealand. The sawdust was a coarse grade material as used 
and described by Goh and Haynes (1977 a). 
rh II 
The levels of N, P and K used for Experiments A and B are given in 
Table 2; Table 5 for Experiments C and Table 6 and 11 for Experiments 0 
and E. The nutrients for Experiments A, B, 0 and E were supplied from 
a basal dressing of 0.25 kg/m3 of Osmocote 18/2.6/10 (except 'nil I treat-
ments for Experiments A and B) with additional levels of N, P and K 
supplied from Osmocote 26%. N, superphosphate (9% P) and sulphate of potash 
(39% K) respectively. All treatments for these 4 trials also received a 
3 3 basal dressing of the following: 4.5kg/m dolomite lime, 1.5 kg/m agricul-
tura 1 1 i me (CaC03), 75 g/m
3 I Seques trene I iron chelate (Na EOTA Fe wi th 
12% iron) and 'Sporumix AI (150 g/m3 containing 1.14% B, 0.62% Zn, 1.20% Cu, 
5.46% Mn, 0.06% Mo, 0.05% Co, 9.78% Mg). The nutrients and basal dressing 
for the Osmocote treatments in Experiment C were identical to the other 3 
experiments. ·The last 11 treatments in Experiment C were based on' Nitro-
phoska. The media and fertilisers were well mixed and then transferred to PB5 
(2!z1) I Pl antabags I . 
The pH level (mean of 2 'sampies) were sampled after 30 weeks for 
Grevillea rosmarinifolia (Experiment 0) and indicated that the high fertiliser 
levels (particularly N) mildly to moderately acidified the media as follows: 
pH Of Media 
NUTRIENTS (g/m3) Soil Peat : Sand (.vv) 
N P K 1:2:2 1: 1: 1 5:2.5:2.5 
45 30 25 6.7 6.4 6.5 
450 300 250 6.4 5.9 5.8 
400 600 250 6.1 
450 300 500 5.8 
900 300 250 5.5 
900 600 500 5.5 
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Data Collection and Analysis 
A range of soil analyses were carried out 5 weeks (22/11/72) after 
potting-on the last 9 treatments in Experiment C. Three samples of 3cm 
diameter to a depth of Bcm were obtained, aggregated together and mixed 
to give a composite sample which was then sent to 2 organisations. Soil 
analyses were carried out by Vautier Enterprises Ltd (now Water, Soil and 
Laboratory Services, Napier) who used Truog~ extraction for P, K, Ca and 
Mg and soluble salts by the methods described by Metson (1956). 
On completion of all experiments the plants were cut-off just above 
the top of the medium and the foliage oven dried. In Experiment B the 
tomato roots were extracted, carefully washed so that all medium was 
remove1 and then oven dried. All data was statistically examined using 
Teddxbear (now Crypto/teddybear) computer programme for analysis of 
variance and F test. Additional treatments were used in Experiments D and 
E (Table 11) and were laid out in the same randomised blocks but analysed 
separately. 
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RESULTS 
Experiments A and B 
Tomato seedling foliage growth was generally greater in peat:perlite 
(PP1) than the soil mix while Hakea grew better in the peat:perlite:soil 
(SlPP1) medium (Table 2). Added nutrient levels played an important 
role in this response but the soil medium was superior for both plants 
when nil or NPK 45/30/25 treatments were involved (Table 3). Soil was 
therefore promotive at low levels of fertiliser additions. This was also 
the case for Hakea foliar dry weights while there was no significant 
difference between this data for tomato. There was no interaction between 
media and NPK levels for tomato root dry weights and root growth was 
greatest in the soil mix irrespective of nutrient additions (Table 2). 
Hakea had a higher foliar dry weight at NPK : 45/30/25 compared to nil 
levels when PPl but not SlPPl (Table 3). Foliar dry weights of Hakea were 
highestwith nil NPK in the soil me.dium and high NPK levels were inhibitory. 
Experiment C 
The foliar and root dry weights for tomato seedlings grown in several 
media with a range of added nutrients is given in Table 4 and soil analyses 
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in Table 5. Plants grown in PPl and SlPPl with a total NPK level of 450/ 
300/250 supplied from Osmocote and SlPPl with NPK 900/600/500 also from 
Osmocote had higher foliar dry weights than in any other combinations. Next 
was PPl with NPK 900/600/500 from Osmocote. The thi rd hi ghes t fol i ar dry 
weights were with treatments supplied with NPK 225/150/125 from both fert-
ilisers and grown in PP1, SlPPl and soil :peat:vermiculite (SlPV). It was 
noticeable that media containing soil and supplied with NPK levels of 45/30/25 
were all superior (foliar dry \'Ieights) to the PPl media irrespective of the 
type of fertiliser. 
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Plants supplied with thp. Nitrophoska at the 2 higher rates generally 
grew poorly and often had foliar dry weights similar to those given a total 
NPK of 45/30/25. An NPK of 450/300/250 supplied from Nitrophoska was much 
more toxic for plants in PPl than those in SlPV or peat:sawdust:vermiculite 
PSdV. 
Root dry weights were highest in PPl supplied with the 2 middle rates of 
Osmocote. Next equal were PPl and SlPPl at the lowest and highest NPK 
levels respectively and PSdV and SlPV at the 225/150/125 nutrient rates. 
There was generally only a very minor correlation "lith foliar dry weights 
and it was noticeable that plants in PPl Osmocote had higher root weights 
than those in the corresponding soil mix with this fertiliser. This partly 
reversed the trends with the foliar dry weights. Generally those with very 
small foliar dry weight yields, also had low root weights. 
Media ana1yses (Table 5} gave some indication of P and K levels found 
at 5 weeks in certain treatments. High superphosphate additions raised 
the Ca levels while high fertiliser levels moderately raised the soluble 
salts and depressed th~ pH as found for Experiment 0 (Materials and Methods) 
and in Chapter 2. Vermiculite contains Mg and this raised the concentration 
of this nutrient in mixes containing this amendment. 
Experiment 0 and E 
There were few main effects but many interactions when GreviZZea 
rosmarinifoUa and Hakea Zaurina were each grown i"n a 23 x 3 experiment 
involving NPK and 3 media (Table 6). Even the N main effect did not 
appear very strong and P was clearly phytotoxic for hakea. 
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The two factor interactions are set out in Table 7. There was a 
moderate to mild negative NP interaction for grevillea while this occurred 
much more strongly for hakea. Grevillea foliar dry weights were promoted 
by the presence of high P and K but with hakea these yields were highest 
in the absence of high P or K. High potassium depressed hakea foliage 
growth at low P and phosphate was very toxic at both K levels. There was 
also a mild negative NK interaction. 
The strongest response to nitrogen by gre~illea was in soil :peat:perlite 
(1:2:2) mix and it was noticeable that there was no significant N promotion 
in the other 2 mixes containing higher soil levels. Hakea also grew best 
in the mix with least soil and high N levels but where there were equal 
parts soil :peat:perlite (1:1:1) or 50% soil (5:2.5:2.5) the plants grew 
better at low N. 
Foliar dry weights of grevillea were poorest with high P and in the h~gh 
soil mix (5:2.5:2.5). High P did not reduce growth in the other 2 mixes where 
only these 2 factors were considered. Phosphate toxicity was equally severe 
in all mixes for hakea. The latter plant when supplied with low P had higher 
folia,rdryweights in the two mixes containing the least amount of soil. 
The three factor interactions given in Table 8 allow further appraisal of 
the growth responses of the 2 species. Grevillea grew most strongly at Nl 
Po low soil and Nl Kl low soil and it appeared that high K can partly alleviate 
the toxic effect of high P since the mean foliar dry weight with PI Kl low 
soil was superior to those with low P and high K in any mix. However this 
was not apparent for Hakea and the 3 factor interaction indicated that the 
optimum combination for this species was high N with low P, K and soil. 
Foliar analyses were only carried out for grevillea (Table 9). High N 
fertilisation increased foliar N levels but reduced the uptake of P, K 
and Na. High P additions promoted the uptake of all 6 nutrients. Uptake 
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of Nand Mg was strongly enh~1ced while the increase in foliar P was more 
than double and was tripled at NO PI (Table 10). High K in the potting 
mix raised foliar K levels but only at NO Pl' Antagonism between K and 
Mg occurred and foliar Mg was depressed by high K coupled with low P 
additions. 
The additional treatments given in Table 11 indicated that grevillea 
was far more tolerant of very high nutrient levels in soil media than 
was hakea. Conversely hakea grew better than grevillea with nil added 
fertiliser and hakea had the highest ratings and dry weight in treatment 
5. Foliar ratings of grevillea receiving no fertiliser were highest (equal 
to treatments 3 and 6) at 3 months and only equalled by the 450/300/500 
treatment visual ratings at 6~ months, but at harvest the dry weight 
yi e 1 ds were 1 ess than those in the 2 other treatments. The very hi gh N 
treatments (900g N/m3) appeared to be relatively more toxic than hi.gh P 
for grevillea. This could partly be due to the fact that water soluble 
phosphate can be less available in soil than in soilless media (Bunt 1976). 
Greater P toxicity occurred with G. rosmarinifoZia in PPl (Chapter 2) 
than in this experiment, also these plants grew well in 3 additional treat-
ments containing 300g p/m3 and 2 with 600g P/m3. Added N fertilisers can 
yield equally high NH4-N levels in soil or soilles~ media (Bunt 1976) 
and can be toxic (Haynes and Goh 1977) as found in Chapter 2. The 450/300/ 
250 from slow release Osmocote was adequate for grevillea but toxic for 
hakea even though the theoretical supply would be 53g N/m3/month. 
Hakea was far more sensitive than grevillea to high nutrient additions 
and the only satisfactory additional treatment was the nil fertiliser treat-
ment followed by 45/30/25 with PP1. There was no significant difference 
between plants grown in SlPPl or PPl at 450/300/250 and even the slow 
release fertiliser source at this level 'was less satisfactory than the nil 
rate. 
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DISCUSSION 
-Very high nutrient levels were more toxic to tomatoes grown in soil-
less media rather than soil (Experiment C). The proportion of soil 
in the medium, however, appeared to have little influence on reducing 
toxic nutrient levels used in Experiments D and E. Goh and Haynes (1977 a) 
found that the Cation Exchange Capacity (CEC) of PIS mixes was between 7 
, 
and 13 me /100ml while a mix with equal parts soil/peat/sand was 10-15 
me /100ml (the variation in each case depending on type of peat). The 
effect of adding soil therefore only had a minor influence on the CEC. 
It was quite clear that excessive fertiliser rates for sensitive species 
must be avoided just as much in a soil mix. 
Further factors need to be considered when comparing media. The 
increased porosity in soilless mixes or media with reduced proportions 
of soil appeared to be a more significant factor than buffering of high 
nutrient levels caused by a high CEC. Haynes and Goh (1977) noted a 
'similar possible fertiliser-medium interaction and postulated that better 
physical properties caused by high porosity of certain media (Goh and Haynes 
1977 a), encour&ged root growth which in turn facilitated increased growth 
of tops and roots of asters in response to added nutrients. In agreement 
with this, Poole et aZ. (1968) observed that the growth and grade of 
Hibiscus and Al'aZia pl ants decreased as the proporti on of soi 1 in the medi a 
increased, which indicated that the presence of soil in the medium can 
reduce the desirable physical properties of a medium. Similarly Hayes and 
Simpson (1958) noted that plants grew better in JIP media when it was 
amended with vermiculite compared with the standard potting mixes. 
Most of the materials used to make loamless composts either do not 
contain any significant amounts of nitrogen or, as in the case of peats 
that may have from 1 to 3% of the dry weight as organic nitrogen, it is 
in a form which is not readily available during the life span of the aver-
age pot plants (Bunt 1976). Haynes and"Goh (1977) found that the foliage 
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gruwth of asters was greater in a medium consisting of equal parts (by 
volume) peat/sand/soil than with soilless media such as equal part~ 
peat/sand when no nutrients were added. They attributed the difference 
in growth to the readily available (native) N present in the soil initially. 
This would account for the poor performance of plant species, especially 
tomato, in soilless rather than those media containing soil in these 
experiments. In some cases there was even improved growth with increasing 
soil levels when added N was low. This had practical implications for the 
10ngevi ty of pot p1 ants in the home and it is note\tJOrthy that of the two 
principal house plant producers in New Zealand, one uses PPl while the 
other wholesales plants in a SlPPl medium. 
The tomato is a herbaceous plant which is well known for its high 
nutrient .requirements and hence its strong general nutritional response and 
tolerance of very high nutrient levels was not unexpected. The high~st 
dry weight yield of tops occurred in the presence of Osmocote which would 
have released approximately 250g N/m3 in the first month. Bunt (1976) 
states that the maximum amount of mineral nitrogen that can safely be added 
in the base fertiliser is only of the order of 200 to 250 g/m3 and pre-
sumably not all of this would be available in the first month. 
Grevi11ea and hakea clearly have much lower nutrient requirements 
than tomato but it was surprising to observe quite strong differences in 
growth response and sensitivity to high Nand P additions between the 
two genera. Further aspects of the nutrition of the latter will be dis-
cussed in Chapter 6. It was, however, noteworthy that GreviUea rosmarini-
foZia showed very similar foliar uptake levels in the work discussed here 
compared to when grown in peat/perlite (1:1, vv) (Chapter 2). The factors 
governing nutrient uptake and often the absolute levels were almost 
equal, even though different media were used. 
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CHAPTER 5 
NUTRITION OF CONTAINER 
GROWN ACACIA VERTICILLATA (L'HERIT.) 
WILLD. 'REWA'J BORONIA MEGASTIGMA BARTL. 
CHOISYA TERNATA H.B. AND K'J EUCALYPTUS 
NOTABILIS MAIDEN AND E.. VIrHNALIS LABILL. 
ABSTRACT 
The nutrition of 4 container grown genera of trees and shrubs 
(3 Australian and 1 Mexican) were studied. Plants were grown in peat/ 
perli,te (1:1, vv) in factorial experiments (with additional treatments) 
based on varying levels of Osmocote (26%N), superphosphate and sulphate 
of potash. 
Foliage growth of acacia and boronia was strongly promoted by high N 
fertilisation with the latter being more intolerant of low levels. Compared 
with low additions, high % added P depressed growth, particularly when 
coupled with high Nand more than doubled foliar P levels in both plants 
similar to the excessive luxury consumption in P intolerant Proteaceae. 
Choisya and 2 eucalypt species responded strongly to added N and foliage 
growth was poor at very low levels. Choisya was not damaged by very high 
58. 
P additions and there were no indications of luxury uptake. Foliage growth 
of the 2 eucalypts was not promoted by high added P but foliar P was strongly 
increased. 
INTRODUCTION 
Earlier chapters reported on the NPK nutrition of proteaceous shrubs 
and a few Northern Hemisphere plants. Australian plants in the Proteaceae 
inhabit infertile sites and it has been shown by the work reported here 
and by several others that they are intolerant of high fertili~er regimes 
particularly those associated with P. Other Australian plants are faster 
growing, such as the Mimosaceae but are less able than the Proteaceae to 
cope with very infertile soils (Lamont 1973). 
Some species of acacia are reported as being highly adapted to 
environmental extremes. Acacia harpophyZZa can tolerate extremely saline 
conditions (Gates 1972) while A. obtusata may be highly adapted to very 
infertile soils and was found to be extremely intolerant of high P levels 
in the m~dium (Frolich et aZ. 1966). Acacia will respond strongly to 
nitrogenous fertil i sers (Fai ra 11 1970) and mycorrhi zas may gi ve improved 
growth of container grown plants by inoculating steam sterilised potting 
media (Johnson and Michelini 1974). Boronias can also tolerate quite 
harsh conditions including very alkaline soils (Alcock 1976, Lindross 1977) 
although some dislike a high pH (Fairall 1970). Choisya is in the same 
family as boronia (Rutaceae) but is native to Mexico and reported as being 
adaptable to a wide range of conditions (Harrison 1960). 
Pryor (1975) states that eucalypts are very sensitive to nutrient 
status which is related to their nutrient cycling and nutrient balance 
in' natural stands. They have been shown to respond strongly to fertiliser 
Nand P (Cromer et al. 1975, McIntyre and Pryor 1974) although high levels 
may cause excessive lush growth (Fairall 1970). Kaul et at. (1966 a, b, 
1968, 1970 a and b) also indicated the importance of Nand P since defitiency 
symptoms on a range of species were generally much more severe with these 
2 elements rather than with K. Genotype and ecological adaptation appear 
very signif"icant in the nutrition of this genus. This was demonstrated by 
spec'ies preference for specific forms of- N (ffv1oore and Keraitis 1971), 
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ability to tolerate calcareoL~5 media (Parsons and Specht (1967), Ca 
requirements (Moore 1961), and differing ability of a range of species to 
assimilate several macro-nutrients (Anderson and Lidges 1978). They 
appear to have the ability to survive with very low P levels (Attiwill 
1964) which may often be mediated by the presence of mycorrhizas (Malajczuk 
et aZ. 1975). Eucalypts are also often extremely tolerant of low micro 
nutrient levels (Pryor 1975). 
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~1J.\1 [RIALS AND t·1ETHODS 
Plant Species and Growing Conditions 
Four experiments were carried out involving 1 Mexican and 3 
Australian genera including 2 species of Eucalyptus. The plants used, 
laying down and harvesting dates, and number of replicates are given in 
Table 1. All plants were raised from seed except Choisya which was 
grown from semi-ripe tip cuttings under mist. The young plants were 
potted up individually into tubes containing a medium with very low 
nutrient levels. The Acacia (Experiment A) and Eucalyptus (Experiment 
D) trials were carried out in a heated glasshouse equipped with automatic 
fan ventilation. The minimum glasshouse temperature was 150 C while the 
maximum was close to 50 C above the ambient temperature. The Boronia 
(Experiment B) and Choisya (Experiment C) trials were run in a shadehouse 
covered with 50% polypropylene shadecloth (Sarlon). Hand watering was 
done when required and no additional fertiliser applications were made 
fo 11 owi ng, 1 ayi ng - down. 
Experiment Design, Media and Fertilisers 
All experiments were 23 NPK factorials using the rates and number of 
replicates given in Tables 1 and 2. All were randomised block designs. Addi-
tional treatments were used, as in Experiment A, Chapter 2, and were 
laid-out alongside the factorial treatments within the same randomised 
blocks. Additional treatments were not included in the factorial analysis 
and Duncan's Test was used instead to assess significance. The medium 
for all experiments was equal parts (1:1, vv) Mataura sphagnum peat and 
fine grade perlite. A base dressing of 0.25 kg of Osmocote 18/2.6/10 
was used for all treatments. Additional rates of N, P and K were supplied 
from Osmocote (26%N), superphosphate (9,% P), and sulphate of potash' (39~s K) 
respectively. 
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Three of the additional treatments for Experiment A and one for 
Experiment B were based on the following alternative slow release 
fertilisers: ri-9month Osmocote (18/2.6/10) or Floranid Nitrophoska 
(20/2/7) or Uramite (38% N), with additional P and K rates supplied as 
in the factorial treatments. Additional treatments, NPK rates and key 
to fertiliser sources are given in Table 3. 
All treatments also received a basal dressing of the following: 
4.5 kg/m3 dolomite lime, 1.5 kg/m3 agricultural lime (Ca C03), 75 g/m
3 
'Sequestrene' iron chelate (Na EDTA Fe with 12% iron) and 'Sporumix A' 
(150 g/m3 containing 1.14% B, 0.62% Zn, 1.27% Cu, 5.46% Mn, 0.06% Mo, 
0.05% Co, 9.78% Mg). The media and fertilisers were well mixed and then 
transferred to PB 5 (2~ 1) 'Plantabags' just prior to potting. 
Data Collection and Analysis 
Visual ratings of foliage were carried out using the grading 
system described in Chapter 2. 
On completion of each experiment plants were cut-off just above 
the top of the medium and the foliage oven dried. All visual ratings and 
dry weights were statistically examined using TeddybeaY' (now Crypto/ 
Teddybear) computer programme for analysis of variance and F test. 
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RESULTS AND DISCUSSION 
Acacia verticiUata 'Rewa ' showed quite a strong response to nitrogen 
additions as indicated by visual ratings and dry weights of foliage (Table 
2). This plant was quite tolerant·of very low N levels and grew quite 
well with only 45g N/m3 which would only amount to 5g N/m3 per month when 
supplied from Osmocote 18/2.6/10. The visual appearance of the plants was 
depressed by 300g P/m3 which is equivalent to 3.3kg of superphosphate per 
m
3
. This was less apparent with the dry weights where there was only a 3 
factor interaction ·which approached significance (p = 7%) (Table 4). In 
this case P depressed yield most severely in the presence of high Nand K 
fertil i sati on. 
The additional treatments also indicated the importance of nitrogen 
levels irrespective of the fertiliser source (Table 3). Treatment 1 yielded 
the highest foliar dry weights which was the highest N rate and based on 
3-4 month Osmocote (26%N). This amounted to a theoretical supply of 
3 257g N/m /month for the release period, but the dry weight was not signifi-
cantly. different in the presence of Uramite which was based on a lower total 
level of N, theoretically delivering 74g N/m3/month for 6 months. The total 
level of 900g N/m3 from 3-4 month Osmocote would have been expected to be 
quite toxic initially but by 9 months the foliar visual ratings were not 
significantly different from other additional treatments although growth in 
that treatment was still least at that stage. This position was reversed 
2 months later at harvest when the dry weight was then greatest in Treatment 
1 compared with other treatments although not significantly so. Slow release 
3 Osmocote would supply only 53g N/m /month while Floranid would release nearly 
128g N/m3/month but both these treatments were i nferi or to 900g of N from 
Osmocote (26%N). It is suggested that nitrogen supplied from fast release 
Osmocote had been removed in the last 2 months before lifting time and this 
would explain why the 900g N (double the total N level of additional and 
factorial treatments) resulted in dry weight yields which were much higher 
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than all additional and factorial treatments, althougtl ~~t statistically 
analysed with the latter, even though 2 months earlier, growth had been 
inhibited in this treatment compared with others. 
High N fertilisation appeared.to have little influence on foliar 
nutrient levels other than mild but significant reductions in P and K 
uptake (Table 5) and a mild stimulation of foliar Na if added K was low 
(Table 6). High levels of P in the medium increased the foliar P levels 
by over 3 times while foliar Na was mildly reduced. Fertilisation with high 
levels of K promoted only this element in the foliage but also reduced the 
foliage Na. 
Very high P uptake with high P fertilisation in acacia may indicate 
excessive luxury consumption which has been observed with proteaceous plants 
such as protea (Chapter 3). It could explain why foliar ratings showed that 
high P depressed growth although this was less obvious in the dry weight 
yields when leaching had probably diminished available P levels in the 
medium. Frolich et aZ. 1966 noted P toxicity on Acacia obtusata and that 
strong growth suppression was coupled with an increase of foliar P content 
from 0.49% to greater than 1.8% of dry weight with increased P fertilisation. 
They stated that these effects had not been observed on other Acacia species 
but it is reasonable to conclude that similar results may be observed in 
varying intensity on others in the genus, according to genetic and ecologi-
cal origins of the different species. It is apparent that there are wide 
extremes within the genus as indicated by the work of Gates (1972) who 
described how A. harpophyZZa is capable of growing under extremely saline 
conditions - in excess of sea water concentrations - where most species are 
non-halophytic. 
Boronia megasti@na 
Boronia visual ratings and dry weights of foliage (Table 2) displayed 
a strong response to nitrogen, particularly so with the latter. Plants 
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. given only 459 N/m3 yielded much lower dry weights than those with 450g N/m3, 
indicating an intolerance of impoverished ~levels. Conversely, phosphate 
depressed both visual ratings and foliar dry weights although with the 
latter, depression was more severe.at high rather than low N levels (Table 
4). High potassium levels appeared to mildly depress the effect of N on 
visual ratings (p = 6%, table 4) but this was not apparent for foliar dry 
weights. 
The data for additional treatments (Table 3) showed that additional 
levels of N, P and ·K were generally of no further advantage. Plant response 
to nil fertiliser levels were equal to those in the very high NPK level 
and in the inadequate slow release Osmocote treatment (No.6, 53g N/m3/ 
month) at 4 months but by 11 months the dry weights, not surprisingly, were 
well below those in other treatments, where no NPK had been supplied. Growth 
in the very high N treatment No.1 (9000 N/m3) was inferior to that in 
medium levels although no toxicity was observed at 4 months. The 600g P/m3 
treatment (No 2) produced equal growth and there was no P toxicity. It 
was h~wever very noticeable that the NPK, 450/300/500 trea.tment (No.3) 
promoted significantly higher foliar dry weights than all other additional 
treatments. High potassium may have had some beneficial influence in bal-
ancing the quite high P levels in additional treatment No.3 (however no K 
response was indicated in the factorial part of the experiment). It is 
particularly noteworthy that 600g P/m3 (Treatment 2) depressed the foliar 
dry weight below the 450/300/500 treatment; thus indicating P sensitivity 
in boronia. 
The high rate of N strongly increased foliar N levels (Table 5) while 
uptake of Mg was increased at low P (Table 6). High N depressed foliar P 
and also K, providing that added P was low (Table 5). High P fertilisation 
increased Nand Ca uptake (Table 5) while foliar P was more than doubled 
by high P fertilisation with low N additions and still strongly increased 
when coupled with high N (Table 6). High levels of K in the medium raised 
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foliar K levels while N uptake WdS increased and Mg and Ca depressed oyer 
that in low K levels. 
Choisya ·/;ernata 
This shrub responded quite strongly to nitrogen and plants receiving 
the high N rate had much higher ratings and foliar dry weights than those 
on the very low level (Table 2). It was highly intolerant of a very low 
N regime, not noticeably responsive to P or K additions, and there were 
no significant interactions. Results from the two additional treatments 
(Table 3) supported the factorial part of the exper·iment since the very 
high N rate strongly promoted growth while the addition of 600g P/m3 
indicated that the plants were in very good condition.at 3~ months and 
yielded high dry weights at lifting (15 months) and notably with no indica-
tion·of P toxicity. The additional treatment with 900g N/m3 , equivalent to 
257g N/m3/month did not appear toxic after 3~ months and the foliar dry 
weight of plants from this treatment greatly exceeded all other treatments 
including factorial ones although no combined statistical analysis was 
carried out. The other additional treatment with very high P levels yielded 
the second hi ghes t fo 1 i age dry wei ghts of a 11 treatments. Choi sya grev.J well 
at very high fertiliser levels and this at least indicates that this species 
is very tolerant of high P and contrasts well with acacia and boronia which 
both had depressed growth with even moderate P additions. 
High N fertilisation increased foliar N parti.cularly at low P, but at 
the same time foliar P was depressed (Table 5). High N levels depressed K 
uptake and mildly increased foliar Mg (P=7%). High levels of added P and 
K only mildly stimulated foliar levels of these elements. High P fertili-
sation also depressed K uptake but had no other significant influence. 
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E'ucaZyptus spp. 
The two eucalypt species were strongly responsive to nitrogen as shown 
by ratings and foliar dry weights (Table 2). Yields in the latter case 
were nearly 6 times higher at the high, as compared with the low, N level. 
Growth was severely depressed at 45g N/m3. The response to N additions, .as 
shown by foliar ratings and dry weight was quite strongly depressed by 
hi gh K for E. notabilis (Tabl e 4); thi s was not apparent for E. viminaZis. 
High levels of N in the potting mix either stimulated or depressed 
the uptake of several nutrients as did K and to a less extent P fertili-
sation (Table 5) .. High N levels'strongly increased foliar N (0.99 to 
67. 
1.69 g%) particularly in the presence of high K additions (Table 6). Lamb 
(1977) also found a major response to N in eucalypts, which was predominantly 
a linear relationship between growth and foliar N over the range 0.68 -. 
2.04%N. Kaul et aZ. (1966 b) found that added K had a synergistic effect on 
the accumulation of N whereas varying dosages of N appeared to cause no 
specific trend in the uptake of K. 
,~ptake of NCl-(p = 6%) was also increased by high N levels while foliar 
~was reduced (Table 6). High N reduced foliar P particularly if added P 
was low. High P fertilisation strongly raised foliar P and also increased 
Mg and Ca uptake with the latter 2 only occurring at low N levels. High 
K additions depressed foliar P at NO and also reduced the uptake of Mg, 
Ca and Na. High K fertisation raised the levels of foliar K and therefore 
was generally antagonistic to nutrient uptake apart from with foliar Nand K. 
The importance of Nand P additions to the potting medium was emphasised 
by Kaul et aZ. (1966 a and b, 1968, 1970 a and b) who found that alack of 
these nutrients caused much more severe symptoms than K deficient media for 
'a range of eucalypt species. Cromer et az' (1975) and McIntyre and. Pryor 
1974)noted strong foliage growth ~hen open ground plants received Nand P 
side dressings. The work reported here indicated an equally strong N 
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response for both container grown species but no growth stimulation with high 
P levels although this treatment greatly increased foliar P levels. In 
explanation, it could be argued that different species were used and 
therefore comparison between species can only be very tentative. Geno-
type and habitat have been shown to influence N utilisation (Moore and 
Keraitis 1971), response to pH and Ca levels (Moore 1961, Parsons and 
Specht 1967) and notably the assimilation of macro nutrients such as P. 
Therefore if alternative species had been choosen for the experiments, they 
may have shown a growth response to added P. The lack of P response in the 
experiments reported here may also be accounted for by the fact that the 
low level was adequate and 300g P/m3 was too high. 
Soil analyses reported in Chapter 2 (Table 8) ind~cated that the medium 
with the low P treatment still had about 50-60 ppm available. This is a 
low level but Attiwill (1964) showed that eucalypt seedlings have a rlarked 
ability to survive with a low P supply and furthermore container grown 
plants were only responsive to low P additions. He found a 6 fold dry 
weight increase when plants were grown in forest soil and watered so that 
they received 30ppm P over the period of the experiment, whereas there 
was no further growth increase when 100ppm P was applied. Similar results 
were also obtained by Attiwill using sand culture where the largest response 
was to 1 and 5ppm P even though 10 and 50ppm levels of applied P were used. 
Various eucalypt species varied in their responses but were generally much 
more easily stimulated by added P than Banksia serrata. The response to 
N (30ppm) was strongest when combined with 30ppm P and this synergistic 
effect was more pronounced than when P was only added. Attiwill noted a 
strong correlation between supplied P and foliar levels, Eucalyptus obliqua 
plants not supplied with P in sand culture had a leaf concentration of 0.05 
g% P and this rose proportionately to 0.14g% P at 50ppm of supplied P. In 
Experiment E the main effect of P indicated a rise from 0.33 to 0.71g% in 
foliar P of E. viminalis which displays a much higher level of feeding than 
that used by Attiwill (1964). 
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CONCLUSIONS 
The four genera showed quite strong differences in nutritional 
requirements. Acacia and boronia responded in a similar manner to Australian 
heathland Proteaceae (e.g. GreviZZea rosmarinifoZia) in their sensitivity 
to P fertilisation. Choisya, the only non-Australian species - from Mexico, 
which although in the same family as boronia (Rutaceae) behaved quite 
differently to boronia and acacia. Native habitat appears to be more sign-
ificant, in this case, than botanical relationship. High P additions 
depressed growth in acatia and boronia particularly in the presence of high 
N, and this resulted in luxury consumption so that foliar P levels were 
more than doubled. In contrast choisya foliar ratings and dry weights 
appeared higher with very high P levels (600g P/m3) than with any of the 
factorial treatments (non statistical comparison). The 2 eucalypt speci~s, 
the other Australian genus, showed no P toxicity and although foliar P 
levels in E. viminaZis were strongly increased by high P in the medium there 
was no apparent toxicity. 
Acacia illustrated the adaptable nature of the genus since there was 
a positive growth response to high N yet at low levels plants still grew 
well. The other species differed since they responded strongly to high N 
fertili(sation but were intolerant of low N since growth was quite severely 
depressed, particularly with choisya and the 2 eucalypts. 
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CHAPTER 6 
NUTRITION OF -CONTAINER GROWN 
CALLISTEMON CITRINUS (CURTIS) SKEELS) 
GREVILLEA ROSMARINIFOLIA AI. CUNNI 
AND HAKEA LAURINA RIBR. 
ABSTRACT 
Three Australian shrubs were grown in peat/sand (PS) (1:1, vv) 
potting media using a four factor central composite second order design 
in incomplete blocks to measure the response to N, P, K and lime, each 
at 5 levels. CaUistemon citrinus 3 GreviUea rosmaY'inifoUa and Hakea 
Zaurina showed very similar nutritional responses even though the former 
is in the Myrtaceae and not the Proteaceae. All 3 species responded 
strongly to N particularly in the absence of P. Hakea was most sensitive 
to P toxicity, then grevillea and finally callisternon. Optimum mineral 
levels for these plants in this media appear to be 50 - 100g P/m3 , nil 
or low K and 3 kg/m3 of lime which seemed most important for grevillea. 
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INTRODUCTION 
The NPK nutrition of two proteaceous shrubs Grevillea rosmarinifolia 
and Hakea laurina was earlier studied using simple factorial experiments 
ba~ed on soil and soilless media (Chapters 2 and 4 respectively). 
Callistemon citrinus is an Australian shrub, included here for comparative 
purposes, although it belongs in the Myrtaceae. It has been established 
that Australian proteaceous plants inhabit infertile sites and have 
evolved so that they are intolerant to high fertiliser regimes, particularly 
those with high P. Other genera such as those in the Myrtaceae are faster 
growing but are less tolerant of very infertile soil conditions than the 
Proteaceae (Lamont 1973). Grundon (1972) established the controlling 
effect of soil fertility on the denneation of plant communities by 
showing that the Proteaceae has faster growth rates than other heath or. 
introduced species only in very infertile conditions and that this advan-
tage was soon lost if the nutrition plane was raised. 
The first objective of these 3 experiments was to compare the nutrition 
of these 3 species and secondly to establish the nutrient response curves 
for N, P, K and lime and also the response surfaces of any interactive 
effects. 
71. 
eh. 6 
MATERIALS AND METHODS 
Plant Species and Growing Conditions 
The plant species, laying-down and harvest dates are given in Table 
1. CaUistemon (Experiment A) and Hakea (Experiment C) were seedli'ngs 
but Grevillea (Experiment B) was propagated from semi-ripe tip cuttings 
under mist. Plants were potted - up, following initial propagation, into 
tubes containing a medium with very low nutrient levels. Experiment B 
was started under glass for a few months but was then moved into a shade-
house. Experiment A was run in the same (as Experiment B) cloth - covered 
shadehouse (50% sarlon) for the entire period of the experiment. The 
Hakea experiment was carried out entirely in a heated glasshouse equipped 
with automatic fan ventilation. The minimum glasshouse temperature was 
150 C while the maximum was close to 50 C above ambient tcperature. 
CaUistemon received half an hour of watering every day by time - clock 
controlled, overhead sprinklers. The plants in the other two experiments 
were ha.nd watered when requi red. 
E~perimentalDesign,Media and Fertilisers 
72. 
These experiments were central composite designs (Box and Hunter, 1957) 
and involved N, p, K and lime with 30 treatments arranged in 10 blocks 
each consisting of 3 sub-blocks so that quadratic response curves could 
be calculated for each factor and for the derivation of two factor inter-
actions. Each factor was present at five levels which were coded at 
... 2, -1, 0, 1 and 2. This work therefore consisted of 3 experiments of 
30 treatments x10 replicates i.e. 300 plants in each trial. 
The medium used for all experiments was equal parts (1:1, Vy) Mataura 
sphagnum peat and coarse manufactured sand. The physical and chemical 
properties of both media were described by Goh and Haynes (1977 a). 
The rates were as follows:-
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Leve'! 
-2 
-1 
o 
1 
2 
Nitrogen 
g N/m3 
0 
150 
300 
450 
600 
Phosphorus 
g P/m3 
0 
100 
200 
300 
400 
Potassium Lime 
g Kim 3 kg/m3 
0 0 
83 3 
166 6 
250 9 
332 12 
Nitrogen was applied as a split dressing and the dates for the second 
half of the N application are given in Table 1. Nitrogen was all derived' 
from Osmocote 26% N and the P and K from superphosphate (9% p) and sulp-
hate of potash (39% K) respectively. Lime application was based on 3 
parts dolomitic to 1 part (ww) agricultural lime (CaC03). All treatments 
received a basal dressing of the following: 75 g/m3 I Sequestrene , iron 
chelate (Na EDTA Fe with 12% iron) and 'Sporumix AI (150 g/m3 containing 
1.14% B, 0.62% Zn, 1.27% Cu, 5.46% Mn, 0.06% Mo, 0.05% Co, 9.78% Mg). 
The media and fertilisers were well mixed and then transferred to PB5 
(2~1) 'Plantabags ' just prior to potting. 
Data Collection and Ana1ysis 
Visual ratings of foliage were carried out at least twice during the 
period of each experiment and the heights of Hakea plants were also 
measured. The former involved the grading system described in Chapter 2. 
On completion of each experiment the plants were cut-off just above 
the top of the medium and the foliage oven dried. All ratings, height 
measurements and dry weights were statistically examined using the Boxhu 
computer programme. 
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RESULTS 
The constants and coefficients of response surfaces ,are given in Table 
2. The coefficients of variation for all data in the 3 experiments were 
quite similar and mostly about 33%. Predicted values fOI~ main effects are 
given in Table 3. 
Callistemon citrinus 
This species responded strongly to nitrogen as indicated by the visual 
ratings after 4~ mo'nths and 1 year as well as the dry weights (Table 3). 
There was a strong (quadratic) response continuing up to a total of 450g 
N/m3 parti cul arly in the regi on of nil to 150g N/m3. Thi s resul twas 
apparent at 3 months and remained to be confirmed at the end of this exper-
iment by the dry weight yields, however it was depressed by the presence 
of added P. This was a strong negative interaction as shown in Figures 
1, 2 and 3 and was clearly apparent after only 4~ months. These effects 
did not show very strongly at the 13 month rating where the interaction only 
approa,ched s i gni fi cance (p = 8%). Added phosphate tended to increase 
yields at low added N but the response to N was strongly depressed when 
both Nand P were at high levels. A further negative interaction occurred 
between P and K but this only approached significance (p = 8%, Table 2). 
The optimum levels were 450g N/m3, nil P and possibly low levels of added 
K and 1 ime. 
Grevillea rosmarinifolia 
There was quite a strong response to N (Figure 4) particularly for 
foliar dry ~lJeight yields. The latter N response was only linear which 
probably indicates that added N was not fully adequate and had not reached 
the luxury range. This however, was only partially supported by the foliar 
visual ratings where the response shown in Figure 4 did indicate some 
, flattening-out of the response curve between the 2 highest levels of 
fertilisation. 
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o 
Fig 1: Expt. A. Interaction of Nand P fertilisation on the 
foliage growth of CaZZistemon citrinus. Visual rating at 4~ 
months. 
2.8 
o 
Fig 2: Expt. A. Interaction of Nand P fertilisation on the 
foliage gro'tlth of CaUistemon aitl~1:-nus. Visual rating at 
13 mOll ths . 
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Fig. 3: Expt. A. Interaction of Nand P fertilisation on the 
foliage of CaZZistemon citrinus. Dry weight: g/plt. 
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The response to P differed from N in that it was apparent after less 
than 2 months and in the first two ratings (Table 2) as shown in Figures 
5 and 6. Severe P toxicity occurred at this early stage which gradually 
became less severe in subsequent ratings and dry weight data (Figures 
5 and 7) .. Phosphate was much more toxic at high N rates as was apparent 
at the 2 month rating (Figure 6) and in the dry ",eight (Figure 7). More 
severe P toxicity at the beginning rather than later was probably brought 
about by the gradual loss of P, by leaching. 
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Lime had a minor effect on the influence of P and there was a signifi-. 
cant interaction at the 7 month rating and was nearly significant after 3 
and 10 months (Table 2). The pH in the medium was measured after 2 months. 
It was found that lime had a strong influence as illustrated in Figure 8 
which approached the typical sigmoid response curve. High P and K levels 
had a mild acidifying effect. Figure 9 shows that the highest rated 
plants were those with lowest levels of P and lime, and that both factors 
depressed growth but less severely at the highest rate of the other. The 
optimum combination for growth appeared to be nil P and 3 kg/m3 of lime. 
A small response to K was also recorded at 7 months but not found in any 
other data (Tables 2 and 3). 
Hakea laurina 
The third experiment yielded no interactions but there were very strong 
responses to Nand P (Table 2). A strong positive response to N up to 
300-450 g/m3 , was shown in the visual ratings, height and dry weight data 
(Fi gure 10). Pl ants at nil N were of very poor grade with low hei ght and 
dry weight, and there was a strong quadratic response. This was equally 
strong but negati ve and quadrati c for added P (Fi gure 11). Very severe 
P toxicity was apparent after 5~ months and this reamined the same in all 
subsequent data. The 450g N/m3 and 50 to 100g P/m3 appeared the optimum 
levels (Figures 10 and 11 respectively). There was a minor positive height 
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Fig 6: Expt. B. Interaction of Nand P fertilisation on·the 
foliage growth of GreviZZea rosmarinifoZia. Visual rating 
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Fig 7: Expt. B. Interaction of Nand P fertilisation on the 
foliage growth of GreviUea rosmarinifoUa. Dry weight: 
g/plt . 
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and dry weight response to K (Table 3) which only approached significance 
(p = 6% in both ca.ses). Lime also influenced dry weight at the same 
level of significance and lime additions depressed growth (Table 3). 
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DISCUSSION 
CaZZistemon citrinus 
There are 25 species in the genus CaZUstemon and these are all native 
to Australia and New Caledonia (Prakash 1969). This is an adaptable 
genus and although all members prefer a moist sunny position, they will 
also grow successfully in dry positions in Australia (Brooks 1961) and 
react well to small amounts of organic fertilisers applied in autumn 
(Fairall 1970). C. ,citrinus definitely fits into the robust category and 
Harrison (1960) states that it is able to withstand hot, dry and poor soils 
in New Zealand while Brooks (1961) pointed out that hot, moist conditions 
on any soil were satisfactory for it in Australia. 
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Lamont (1973) has stated that the r~yrtaceae are generally faster growing 
than proteaceous shrubs of the Australian heathlands and that the former 
are likely to be less tolerant of very infertile soils. Beadle (1966) 
pointed out that plants from more fertile conditions such as rainforest areas 
may no~, or have not been able to compete in the heathlands more because of 
inability to cope with, or adapt, to low nutrient supplies than because of 
the low rainfall. He also noted that Leptospermum squarrosum~ in the 
Myrtaceae, responded in a very similar way (leaf area v leaf number from 
base) to Lambertia formosa (Proteaceae) when supplied with high and low 
nutrient additions; although Banksia ericifoZia (Proteaceae) was quite 
different. Higgs (1970) also found similarities between GreviUea rosmal"-
inifoUa and Leptospermum scopariwn 'Lambethif' since both grew equally ~'Jell 
with nil, half and full fertiliser rates when grown in a soil mix supple-
mented weekly with a mild liquid feed. One of the most significant aspects 
of the results reported here was the similarity between the nutrient 
responses of calli s temon and the proteaceous shrubs, part; cul a rly G. rosmar-
inifoUa and although call i s temon showed a greater response to added 
, nutrients at low Nand P levels, the response to N and negative NP interaction 
Ch. 6 
showed a close resemblance in both plants. The conclusion is that these 
plants could be treated in a similar manner when grown in containers in 
the nursery and that differences in their native habitat are not signifi-
cant in nursery container production. Rapid growth in response to added 
nutrients may however, have implications for the longevity of plants in the 
garden, especially in New Zealand on fertile, moist soils where Australian 
plants, adapted to harsh dry conditions, may be more short lived than 
those which prefer moister more fertile conditions. Australian heath 
species that respond to fertiliser additions have been shown to have a 
speeded up life cycle culminating in an early death (Heddle and Specht 
1975). 
GreviZZea and Hakea 
These two species responded similarly to added nutrients but it was 
noticeable that both in this study and in Chapter 4 H. Zaurina showed a 
greater sensitivity to added P than did G. rosmarinifoZia. In both cases 
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P toxicity was severe in the hakea while G. rosmarinifoZia has consistently 
shown an ability to recover from serious P toxicity. Hakea Zaurina adapts 
readily to garden cultivation is a rapid growing plant, can tolerate light 
to rich soil (Fairall 1970, Brooks (1961~ and consequently is the most 
popular Hakea spp. in cultivation. Grevilleas and hakeas often occur 
together naturally and are widely distributed on similar habitats (Lamont 
1973). Hockings (1970) states that grevilleas are one of the more difficult 
genera of native Australian plants to cultivate and Higgs (1970) found 
G. rosmarinifoZia intolerant of a high fertiliser regime, especially if 
planted too deeply. Despite these latter comments G. rosmarinifoZia is 
clearly a robust species and in fact Brooks (1961) states that it can 
often be used where other plants do not survive and that it may become too 
large for ·its position in the garden, requiring trimming. Both H. Zaurina 
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and G. rosmarinifolia are rapid growing cosmopolitan speci2s but it may 
be concluded that the latter is the more P tolerant species possibly 
because of its greater resilience and adaptability. 
Jeffrey (1964) has shown that many Proteaceae are calcifuges and, 
because they are adapted to make maximum growth at low Ca levels, they 
are unable to avoid excessive Ca uptake when grown in soils with high 
levels of Ca, resulting in toxicity. Lamont (1973) points out however 
that Australian heathland Proteaceae grow on a wide range of soils includ-
ing laterite, granite, sandstone, sand-dunes or even limestone. He 
comments that these soils are often acid, as a consequence of their inferti-
lity, but that they may also be neutral or even alkaline. G. rosmarini-
folia and H. laurina (also Callistemon citrinus) have been noted on lime-
stone areas (Lindross 1977) and Fairall (1970) gives several species which 
tolerate alkaline conditions. Hockings (1970),. however, when outlining 
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the culture of grevilleas, stated that they prefer a soil of definite acid 
reaction and this primarily supports Lamonts' observation that both genera 
mostly grow in acid soils. The present study has indicated that hakea and 
callistemon prefer a pH of about 4.5 in a peat-sand mix without lime and that 
only G. rosmarinifolia showed a need for a rate of 3 kg/m3 of lime, to 
raise the pH to approximately 5.5. 
Proteaceous plants are prone to chlorosis particularly on calcareous 
soils in Australia and it may be necessary to add iron chelates (Lamont 
1973). Higgs (1970) found that severe chlorosis occurred on G. rosmarini-
folia grown in containers with full strength fertiliser containing 5 parts 
sand, 3 parts peat and 1 part sand. Similarly, Grundon (1972) noted that 
several container grown Banksia spp. and H. gibbosa showed chlorosis at 
high N levels while Specht (1963) noted P induced cholorosis on Banksia in 
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the field. No chlorosis was noted on any of the 3 species reported here 
and it is possible that the former workers observed iron deficiency 
symptoms initiated by high P and/or NH 4-N levels coupled with poorly 
aerated media. Unpublished work at Lincoln College has shown that poor 
aeration in a soil medium can be a key factor in inducing iron chlorosis 
while plants in soilless media with high P or lime levels may appear 
completely healthy des~ite having lower native iron levels. Necrosis, 
leaf distortion and stunted growth have often been caused by P toxicity 
but at no stage in any of the experiments at Lincoln have high P levels 
been the apparent cause of chlorosis. 
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CHAPTER 7 
NUTRITION OF CONTAINER GROWN 
ERICA CARNEA L. 'SPRINGWOOD WHITE f 
ABSTRACT 
Plants of Erica carnaa 'Springwood White' were grown in peat:sand 
(1:1, vv) and responded strongly to N while optimum growth occurred with 
200g P/m3 applied as a base dressing. Increasing lime rates depressed 
growth. High N fertilisation had more pronounced influence on foliar 
nutrient levels than other added nutrients. Results were consistent 
in 2 experiments run at separate times of the year. 
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INTRODUCTION 
PreviQus chapters reported on nutritional studies involving pro-
teaceous shrubs and some other specJes. This chapter deals with 
the study of the nutrition of a temperate shrub and includes'two 
factorial experiments one of which is an incomplete block composite 
desi gn. 
Epica caPnea 'Springwood White ' was found to be sensitive to high 
fertiliser rates (Anon 1971) and is said to require low levels of 
feeding (Carter 1973) and acid conditions (Alvey 1955). Ericas are 
prone to chlorosis under unfavourable conditions (Alvey 1955, Anon 
1971) and respond to high aeration in the rooting medium. 
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NA rEkIAL~ AND ~1ETHODS 
Plant Species and Growing Conditions 
Two experiments were carried out using 680 plants of Erica carnea 
L. 'Springwood White ' as follows: 
No. of Replicates 
. Treatments (plts./treat) Bagged 
Dates 
Sidedressed Lifted 
Expt. A 13 
Expt. B 30 
25 24.12.72 
12 8. 5.73 20.9.73 
24.10.73 
26. 6.74 
All plants were raised from semi-ripe tip cuttings propagated under mist 
which were potted-up into tubes containing very low nutrient levels. 
Experiment A was rur in a heated glasshouse equipped with automatic fan 
ventilation. The minimum glasshouse temperature was 150 C while the maxi~ 
mum was close to 50 C above ambient temperature. Experiment B was run in 
a shadehouse covered with 50% polypropylene shadecloth (Sarlon). Hand 
watering was done in both trials when required . 
. Experimental Design, Media and Fertilisers 
Experiment A was a 23 NPK factorial with 5 additional treatments using 
the same as those described in Chapters 1 for Experiment A (Table 1). 
Experiment B was an incomplete block composite factorial as described for 
the 3 experiments in Chapter 6 - levels and rates of fertiliser are given 
in Table 4. The medium used for both, experiments was equal parts (1:1, vv) 
Dipton sphagnum peat and fine grade perlite. The physical and chemical 
characteristics of each medium was described by Goh and Haynes (1977a) 
and Morrison et aZ. (1960), respectively. 
A base dressing of 0.25 kg/m3 Osmocote 18/2.6/10 was used for all 
treatments in Experiment A but not Experiment B. All additional rates 
of N, P and K, and all of these nutrients for Experiment B, were supplied 
from Osmocote (26% N), Superphosphate (9% P) and sulphate of potash 
Cil. 7 
(39% K) respectively. All treatments in Experiment A included a base 
dressing of 4.5 kg/m3 dolomite plus 1.5 kg/m3 agricultural lime (Ca C0 3). 
Lime rates in Experiment B \.,rere varied but still kept in the same 3:1 
ratio as in Experiment A (Table 4)! Media in both experiments received 
the same base dressing of trace element fertilisers: 75 g/m3 JSequestrene l 
iron chelate (Na EOTA Fe with 12% iron) and ISporunrix AI (150 g/m3 con-
taining 1.14% B, 0.62% Zn, 1.27% Cu, 5.46% Mn, 0.06% Mo, 0.05% Co, 
9.78% Mg). The media and fertilisers were well mixed and then transferred 
to PB 5 (2~ 1) IPlantabags ' just prior to potting. The nitrogen, supplied 
from Osmocote .(26%N)in Experiment B, was applied in two equal amounts. 
A side-dressing was mixed into the top 2cm of the potting medium at 4~ 
months after the basal application at laying down. This was done to 
minimise the toxic effects of high N levels supplied from a short to 
medium term fertiliser. 
Media and Foliar Analyses 
Media samples were taken on 12.7.74 and pH levels were measured with 
a glais electrode using a 1:2'5 soil-water ratio. One rep1icate per 
treatment was randomly selected from Experiment B and the pH data stat-
istically 'analysed usi~!1g the same computer programme as that used for 
other data for Experiment B (see Data Collection and Analysis). The 
influence of the treatments on pH is summarised on Figure 4 and the 
. 2 
C.V. (%) was 2 and R (%) = 10 for trial variance and closeness of fit 
for regression analyses. There were "no significant interactions between 
nutrients and liming for their influence on acidity of the medium. 
Five samples of foliage were randomly selected from the factorial 
trea tments in Experi ment A and sent to Ruakura Research Stati on U,li ni s try 
of Agriculture and Fisheries) where they were ground and levels of N, P, 
K, Mg, Ca and Na obtained as outlined in Chapter 1. 
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Data Collection and Analysis 
Visual ratings of foliage were carried out, using the grading system 
outlined in Chapter 1, on 13.5.73 and 19.7.73 for Experiment A and on 
10.12.73 for Experiment B. 
Foliar analyses, visual ratings and dry weights were statistically 
exami ned for Experi ment A using Teddybear (now Crypto/teddybear) computer 
programme for analysis of variance and F test. Data for Experiment B 
utilised computer programme 'Boxhu ' . 
RESULTS AND DISCUSSION 
The main effects for Experiment A and B are given in Tables 1 and 5 
respectively, intera~tions in Table 2 and the constants and coefficients 
of response surfaces for Experiment B are shown in Table 3. 
Nitrogen had a strong positive influence on foliage growth in both 
trials. Added p. quite strongly enhanced this effect in the early stages 
of Experiment A (Table 2) but a positive NP interaction was not apparent 
in subsequent dry weights nor in Experiment B. Foliar ratings at 7 months 
for Experiment B demonstrated a quadratic response to N as shown in Figure 
1. In contrast N produced a highly significant linear response in dry 
weight and showed no toxicity even at the highest rate. This was probably 
accentuated by the fact that the N sidedressing was applied after 4~ . 
months and the trial was run for over a year but without the use of long 
term Osmocote. 
The yield data for plants in additional treatments given in Table 1 
provide further information on extreme nutrient levels. Results from 
these simple treatments allow better interpretation of the NPK nutrition 
of erica when they are considered with the factorial ones. Plants in the 
nil fertiliser treatment were of only medium to fair quality at 6 months 
and were poor at 8 months. Very high levels of N and especially NPK were 
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obviously toxic at 6 months Jnd subsequently gave rise to poor grade 
plants. The treatment, with all 3 nutrients at very high levels, proved 
severely toxic probably due to the combined effect of high NH4 levels 
with P and high soluble salts as indicated by media analyse in Chapter 
1. The treatment with very hi gh P and medi urn hi gh N (2) appea'red 
satisfactory at 6 and 8 months but at harvest the level of P was clearly 
in the toxic region and dry weights were similar to those in the high 
Nand K treatments. Experiment B substantiates this observation on P 
toxicity. Osmocote 18/2.6/10, the commercial 8-9 month fertiliser, was 
used in additional treatment 6. This treatment a"llows some estimation 
of the possible levels that can be recommended for commerc.ial potting 
media rather than relying on extrapolation from the use of Osmocote 
{26%N}which is not used commercially. This was obviously a successful 
treatment and plants were superior to those in the other 5 additional 
treatments although not at 6 or 8 months. Recommendations could 
reasonably be made concerning the use of Osmocote 18/2.6/10 in potting 
media since the additional treatment with this fertiliser correlated 
reasonably closely with the corresponding factorial treatments involving 
Osmocote (26% N) . 
. No NP interactions occurred in Experiment B and there was a quadratic 
response to P (Figure 2) which indicated that the optimum rate was about 
300 P/m3 . This was the same rate as that used at the high P level in 
Experiment A but which produced no response to P in the dry weights. 
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The influence of Nand P fertilisation and lime rate on acidity of 
the medium (Experiment B) is shown in Figure 4. Lime rate had the most 
pronounced influence and a typical sigmoid pH response curve was obtained. 
Medium and high N levels from OsmoGote (26%N) depressed the pH while high 
P levels from superphosphate had the opposite effect. The pHccurves 
were similar to those shown in Table 8, Chapter 6. Responses to lime 
were also only significant for foliar dry weights and not ratings in the 
composite trial. In this case lime had a negative effect with greatest 
yields at the nil rate and increasing lime levels depressing foliage growth 
(Figure 3). This was to be expected as erica is a well known calcifuge 
and in this experiment'preferred a pH of below 5. Growth depression with 
increasing lime rates was not due to inadequate iron supplies since iron 
chelate had provided adequate amounts of iron. Growth was also depressed 
by high P rates and it was noticeable that these raised the pH (Figure 4) 
although no conclusions are feasible on how these factors influenced growth. 
No chlorosis occurred on plants in the two trials despite the high 
lime r:ates and low N treatments and therefore the stated n,eed for low pH's 
to avoid chlorosis (Alvey, 1955), does not hold here. Alvey (1955) had 
found that less chlorosis occurred in loamless media rather than soil mixes 
while Gray (1971) had proclaimed the advantages of improving the physical 
properties of soil media for improved growth for ericaceous plants. The 
chlorosis reported on by these 2 workers was probably due to poorly 
aerated media which under moderately ,high pHis is likely to initiate iron 
deficiency. Iron induced chlorosis is therefore not a problem even at 
high lime rates if the physical properties of the mix, particularly aeration, 
are satisfactory. Chlorosis and die back in erica has also been reported 
in other work (Anon 1971) under excessive fertiliser levels in loamless, 
rather than soil mixes, in the same variety as the one reported here. 
No expl anation for thi s anomaly can be offered even though 1 ime and other 
elements were used at high rates in the work reported here. 
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Foliar Analyses 
Foliar analyses were conducted only on plants in Experiment A and the 
main effects of treatments on 6 foliar nutrients are given in Table 6. 
Nitrogen feeding produced a highly significant influence on all 6 nutrients. 
It strongly promoted foliar N and also Na levels especially when added P 
was also high (Table 7) but it depressed the foliar levels of P, K, Mg 
and Ca. Levels of P were halved at N1 compared with NO and the reduction 
of foliar K was also strong. 
High levels of P in the medium strongly promoted foliar P levels 
providing N was added at a low rate (Table 7). Levels of K in the foliage 
were influenced by a similar inhibition by N fertilisation,. whereby uptake 
stimulated by P could only occurr at NO (Table 7). Foliar Ca was enhanced 
by added P and there was no indication of depressed levels of other 
nutrients in the tops when added P was at high levels (Table 7). Tic(:nor 
(1976) could find no indication of very high foliar Ca levels in rhododen-
drons, which are also calcifuges. 
High K fertilisation initiated high K levels in the tops particularly 
when added Nand P were low (Table 7). Additions of this element had no 
promotive influence on any of the other nutrients and foliar Mg was quite 
strongly reduced at Nl K1 (Table 7). 
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CONCLUSIONS 
Early work indicated that ericas are minerally sensitive plants 
which are subject to chlorosis. The experiments reported here indicate 
that they can be grown success fully ina 1 oaml ess med; urn with qui te hi gh 
rates of N (80-100g N/m3/month) coupled with medium base dressings of P 
(up to 200g P/m3). A peat-sand (1:1, vv) medium proved very satisfactory 
and no chlorosis occurred even with 12 kg/m3 of lime added although the 
presence of iron chelate may have assisted in preventing yellowing; it 
is.felt that sufficient aeration in the medium is probably more important 
than soil pH. Increasing lime levels correlated negatively with foliage 
growth while N fertilisation was strongly promoHve, mediated by enhanced 
foliar N levels which were coupled with depressed p, K, Mg and Ca uptake. 
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CHAPTER 8 
NUTRITION OF CONTAINER GROWN 
EATSIA JAPONICA DECNE AND PlANCH J 
FICUS ELASTICA ROXB, J 
DIANTHUS CHINENSl& el,) NEES 'DWARF FRAGRANCE'J 
AND TAGETES PATUlA l, 'SPARKY', 
ABSTRACT 
The nutritional requirements of 2 pot plants and 2 bedding plants 
were studied using container grown plants in peat:perlite or peat:sand 
(both 1:1, vv). They were supplied, in factorial combinations, with 
various levels of N, P and K derived primarily from Osmocote (26% N), 
superphosphate and sulphate of potash. Fatsia japonica responded only 
moderately to N at 450 g/m3 while foliage growth was not promoted by. high 
P or K levels. Ficus elastica responded well to Nand P and there were 
strong positive NP and NK interactions. These and alternative fertilisers 
indicated that 75g N/m3 per month was satisfactory although the relatively 
low foliar N levels which resulted indicated that this may be conservative. 
Dianthuschinensis 'Dwarf Fragrance' responded very strongly to added Nand 
there were positive NK and NP interactions. Tagetes patula 'Sparky' grew 
most strongly with high N, NK or with high K, or PK. High N fertilisation 
promoted high foliar N, P and Mg and the foliage composition agreed closely 
with the findings of other workers. Optimum levels for the 2 bedding plants 
in g/m3 appeared to be 450 N (85g N/m3/month), 150 P and 300 K witn 6kg/m3 
of a dolomite:carbonate of- lime mixture. 
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INTRODUCTION 
Bedding plants, other seedlings and pot plants are often grown in the 
same nursery by New Zealand nurserymen. Information on the comparative 
nutrition of a range of commonly grown species should therefore be useful 
so that growers can 'design' media to meet the nutritional requirements 
of certain types of plants. 
Penningsfeld (19~2) studied the macro and micro nutrient requirements 
of 3 pot plant species and much work has been carried out in Florida on 
foliage pot plants by Conover and Poole (1977 and earlier). There has been' 
little work on the nutrition of Fatsia japonica but other members of the 
Araliaceae such as Nothopanax guilfoylei (Poole et al 1968) and Hedera 
(Conover and Poole 1977, Seager 1973) have received some attention. There 
has been more work on Ficus spp than Fatsia, including the response of 
F. benjamina to Osmocote additions (Conover and Poole 1977) and F. elastica 
to Magamp (Seager 1973). 
Dight (1977) reported on a four year research programme on the 
nutritional requirements of a range of bedding plants and emphasised the 
difficulties of commerically producing a range of plants with such differ-
ing cultural requirements. Tsurushima and Date (1971, 1976) also looked 
at the fertilisation of a wide range of bedding plants. Wille (1968) has 
attempted to devise an optimum fertilisation formula for young plants in 
peat. 
The objective of the work reported in this chapter was to examine the 
nutrition of 2 pot plants and 2 bedding plants using similar media, 
fertilisers and growing conditions. 
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MATERIALS AND METHODS 
Plant Species and Growing Conditions 
Five experiments were carried out with 2 bedding plants and 2 pot 
plants. The plants used, laying-down and harvest dates, and the number 
of replicates are given in Table 1. Ficus eZastica were the only vege-
tatively propagated plants and were raised from leaf bud cuttings under 
mist. The Fatsia japonicq seedlings and F. eZastica rooted cuttings were 
potted-up into tubes containing a medium with very low nutrient levels, 
following initial propagation. The ot~er seedlings were pricked out dir-
ectly into the treatment media from seed boxes. All experiments were run 
in a heated glasshouse equipped with automatic fan ventilation. The min-
imum glasshouse temperature was 150 C while the maximum was close to 5°C 
above ambient temperature. Hand watering was done when required and no 
additional fertiliser applications were made following initial base dressings 
at laying down. 
Experimental Design 
Experiments A, B, C and D were factorial experiments with a 23 or 
33 NPK (randomised block) design as shown in Table 2. Additional treat-
ments were used in Experiment A, Chapter 2, and were laid out alongside 
the factorial treatments within the same randomised blocks. Additional 
treatments were not included in the factorial analysis and Duncan's test 
was used instead. Experiment E used a central composite rotatable multi-
factor design (Box and Hunter, 1957), because of the possibility of obtain-
;ng a large amount of information from a relatively small number of plots. 
It involved N, P, K and lime with 30 plots arranged in 3 blocks of 10 
plots each so that quadratic response curves could be calculated for each 
factor and for the derivation of two factor interactions. Each factor was 
present at five levels which were coded as -2, -1,0, 1 and 2 (Table 6). 
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Media and Fertilisers 
The medium for Experiments Band D was equal parts (1:1~ vv) 
Mataura sphagnum peat and coarse manufactured sand (60% of particles 
1.00 - 3.57mm diameter). The physical and chemical characteristics 
. , 
of these two media was described by Goh and Haynes (1977 a). In exper-
iments C and E the sand was replaced by fine grade perlite (properties 
given by Morrison et aZ. 1960). The levels of N, P and K used for Exper-
iments A, B, C and D are/given in Table 2 and were based on 0.25 kg/m3 
of Osmocote 18/2.6/10 with additional levels of N, P and K supplied from 
Osmocote 26% N, superphosphate (9% P) and sulphate of potash (39% K) 
respectively. In the composite factorial (Experi"ment E) a.ll P and K was 
derived from the latter 2 fertilisers and N solely from Osmocote 26% N 
applied in the base dressing. 
Additional treatments for Experiments A, Band D were based on peat/ 
sand (1:1, vv) instead of peat/perlite or alternative types or levels of 
slow release fertiliser was used: 8 - 9 month Osmocote (18/2.6/10) or 
Floranid Nitrophoska (10/2/7) or Uramite (38% N) with addi"tional P and K 
rates supplied as in the factorial treatments. The additional treatments, 
NPK rates~ media and key to fertiliser sources are given in Table 5. 
Those treatments labelled 'FRO' (Fast Release Osmocote) were based on the 
same fertilisers as the factorial treatments. 
Lime application was based on 3 parts dolomitic to 1 part (W W) 
agricultural lime (CaC03) and was applied at 5 levels in the composite 
experiment (Table 9) and at 6 kg/m3 in the other 4 experiments. Sporumix 
A trace element mix and ~equestrene~ (NaFe) i~on chelate were used in 
these 5 experiments at 150 and 75 g/m3 respectively. The plants in 
Experiment A and B were grown in PB 5 (2~l) 'Plantabags', Experiment C 
in 8cmPlixiepots and Experiments D and E in PB 3 (1~1) 'Plantabags' just 
prior to potting. 
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Data Collection and Analysis 
Height measurements were made on the Ficus elastica plants (Experiment 
B) during growth (27.5.75 and 1.10.75). On completion of all experiments 
the plants were cut-off just above the medium and the foliage oven dried. 
All data from Experiments A, B, C and D was statistically examined using 
Teddybear (now Crypto/teddybear) computer programme for analysis of 
variance and F test. Data from the 4 factor central composite design 
(Experiment E) was processed by the computer programme 'Boxhu ' available 
from the Lincoln College Computer Centre. 
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RESULTS AND DISCUSSION 
Fatsia japonica 
This house plant was grown for 9 months and in that time failed to 
respond to P and K, and only showed a moderate foliar dry welght response 
to N (Table 2). There were no interactions. It appeared to be quite 
tolerant of very low levels of N, P and K and showed no deficiency symptoms, 
nor obviously depressed growth in any treatments. 
The results obtained with additional treatments (Table 5) support 
those from the factorial experiment in that they also demonstrate that 
this plant is not very responsive to added nutrients. There was no differ-
ence between 3 levels of added slow release Osmocote (additional treatments 
1, 2 and 3). In fact Treatment 1 (Table 5) gave the highest mean dry 
weight for all factorial and additional treatments however this is rot 
conclusive since there was no combined statistical analysis of factorial 
and additional treatments. Nevertheless this showed that 450:300:250 
NPK, supplying only 53g N/m3/month from 8 - 9 months Osmocote was satis-
factory and not inferior to higher N levels. 
Treatment 1 was superior to Treatment 4, PIS plus Osmocote 26% N at 
225/150/125, which suggests that the N level in the latter was too low. 
This conclusion is a tentative one however because different media were 
used in these 2 treatments. 
Fatsia is in the ivy family (Araliaceae) and one would expect that if 
it is similar to hedera then it would be relatively tolerant to infertile 
conditions. Seager (1973) showed that Hedera canariensis 'Mugo ' was less 
responsive to Magamp (7/17/5) than Ficus elastica 'Decora ' and the optimu·m 
rate for the two species was 5 gil and 10 gil respectively. He also noted 
that supplementary NK liquid - fertilisation was less beneficial to hedera 
than ficus and stated that it suggested a lower fertiliser requirement. 
Poole et al. grew another .araliad, Nothopanax guilfoyZei~ in various 
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media and with two levels of fertiliser applied monthly. The grade and 
growth of plants topdressed with 800:352:664 were both greater then in 
400:176:332 NPK. However Rochford &. Gorer (1961) state that all Araliaceaewill 
grow satisfactorily in JIP (JIP 2 or 3 for ficus) or a loam and manure 
mix supplemented with superphosphate. This recommendation also supports 
the findings reported here, that members of the Araliaceae such as fatsia 
can be grown satisfactorily in moderate levels of N and low to medium 
levels of other nutrients. Seager (1973) reported on work with crotonylid-
enediurea which sho.wed that this ureaformaldehyde type material was a 
satisfactory N supply for hedera for up to six months. 
Ficus eZastica 
This commonly grown pot plant was grown for 12 months and was much 
more responsive to added fertilisers than fatsia which is in agreement. 
with Seager's (1973) observation on ficus and hedera as already discussed. 
Plants given high N levels were over 60% taller and had double the dry 
weight of those at the very low N level. These effects were further enhanced 
by added phosphate with a particularly strong positive NP interaction (Table 
3). Potassium additions appeared to have little influence on plant height, 
nor did they affect dry weights at low N levels (Table 3) but the response 
to Nat 450g N/m3 was strongly promoted by high levels of K. Table 3 also 
gives the 3 factor interaction which shows that N, P and K can all be 
limiting and that when all three are at high levels foliage dry weights 
are maximised. Seager (1973) found ~1agamp satisfactory for ficus. This 
is noteworthy since this fertiliser is high in P (17%) which is released 
very rapidly at medium temperatures (Cochrane and ~1atkin 1967). Ficus 
seems to be a plant that is unusually responsive to P fertilisation. 
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It was noticeable that nf all the additional treatments, treatment 
6 (TablE 5) produced plants with the greatest height at 6~ and 11 months 
and greatest final dry weight.. These, however, were not significantly 
greater than in the other additional treatments except those where 
Floranid Nitrophoska was the fertiliser source. Floranid was'toxic at 
the very high rate (NPK, 900:300:360) which is equivalent to 257g N/m3/ 
month. The same rate from 3 - 4 month Osmocote (Treatment 1) was quite 
satisfactory and this may be due to the fact that this Osmocote is relat-
ively slow releasing initially (unpublished results) in contrast to 
Floranid which is released faster over the first 3~ months. Half the 
application rate of Floranid (Treatment 4) was inferior to the low appli-
cation rate of Uramite (Treatment 6) and this may support this explanation 
since a rapid release of Floranid at the low rate would have accentuated 
deficiency problems at the end of the experiment. Growth of plants in 
Treatment 6 with Uramite., supplying an estimated 75g N/m3 month, indicates 
that this combination of nutrients is close to the optimum N rate. The 
mean dry weight for this Uramite treatment was 91g/plant while the same 
foliar dry matter yield was obtained in the factorial part of the experiment 
(Table 3) with equal total nutrients and was the best combination of NPK 
there. 
Rochford & Gorer (1961) stated that ficus requires JIP 2 or 3, (JIP 1 WaS 
recommended for the plants in the Araliaceae) which would provi,de between 
82 and 122g N/m3/month (Thomas and Spurway 1975) for the first 2 months 
and a slightly lower rate for the following 2 months. Conover and Poole 
(1977) found that Ficus benjamina supplied with increasing Osmocote (14/ 
6/12), from 4 to 16g per 20cm diameter pot each 3 months, had increased 
foliage colour and grade but there was no effect on height or stem diameter 
after 9 months. Both these references support the view that rubber. plants 
respond well to added nutrients. 
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No examples of strong foliar uptake occurred with Ficus and inter-
actions between added nutrients appeared to have little significance 
(Table 6). High N fertilisation raised the foliar levels of Nand Mg 
but reduced P, K and Na uptake. Additions of high levels of P to the 
medium raised the foliar levels of P, Ca and Na and no depression of 
uptake of any nutrient was apparent. High K fertilisation increased 
foliar K but was antagonistic to Mg uptake. 
Poole et aZ. (1976) stated that the chemi~al composition of good 
quality Ficus eZastica plants should be:-.N: 1.3 - 1.6g% (of dry weight), 
P: 0.1 - 0.2g%, K: 0.6 - 1.0g% Mg, 0.2 - 0.4g% Ca: and 0.3 - 0.5g%. 
These figures are similar to the ones reported here with the exception 
of N which is 0.7g% less and Ca which is about 19% higher. This may 
indicate .that N fertilisation with Osmocote 26% N was not really adequate 
but on the other hand high N rates in the additional treatments did r.ot 
stimulate growth significantly above that in the lowest N rates (Table 5). 
This, however, is inconclusive since th~ additional treatments, where high 
N rates were used, do not substantiate this hypothesis. The high Ca and 
Mg levels compared to Poole et aZ's (1976) recommendations are probably 
brought about by the lime rate of 6 kg/m3 of which 75% was dolomite, a 
MgC03 material. These workers recommended foliar Nand N:Mg ratios of 3.8 
and 4.8 in ficus respectively (1.8 for N:K) however the ratios in this 
work reported here were approximately 0.3 and 1 which is well below that 
suggested for quality pot plants. They briefly discussed 'unusual I ratios 
and did not comment on their implications other than to suggest that future 
studies should be made to determine whether the recommended ratio is nec-
essary for optimum growth. Conover and Poole (1977) found that increasing 
shade levels on Ficus benjamina strongly increased the foliar N:Ca ratio 
and that the ratio varied from 0.3 to 0.6 as shading was increased from 
o to 80%. Shading in the experiment reported here was less than 50% and 
this may help explain the very low N:Ca ratio plus the fact that Conover and 
Poole used dolomite at 4.2 kg/m3 thus su~plying plen~ of available Mg and Ca. 
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Dianthus chinensis 'Dwarf Fragrance' 
This seedling was grown for 3 months and responded very strongly to 
N while there was very poor growth in media with very low N levels (Table 
2). High potassium had little effect when coupled with 45g N/m3 but as 
the N rate increased there was an increasingly strong positive interaction 
between these two nutrients, as shown by the two factor and three factor 
tables (Table 4). The three factor interaction table also shows that the 
middle rate of phosphorus (150g P/m3) is about optimal when combined with 
high levels of Nand K. No additional treatments were used with this 
experiment. 
Tagetes patula 'Sparky' 
The marigolds responded very strongly to nitrogen in both experimen~s 
(Table 2, 8 and 10) with dry weights of plants grown at the highes! 
-~---
- -- -- -- -
level of N 3 to 4 times greater than that of plants in thelowestJ_evel. 
The quadratic N response is shown in Figure 1. The data in Experiment E 
had less variability than in the second with a coefficient of variation 
of 44% (Table 2) as against 78% (Table 8) iV the latter and the levels of 
significance were generally higher in experiment D than in the composite 
trial (Experiment E). In the -latter there were two factors approaching 
significance and no interactions. Added P mildly promoted foliage growth 
in Experiment D (Table 2) although this was much stronger in the presence 
of high K (Table 4). The optimum P level for Experiment E (Table 9 and 
10) was about 150g P/m3 (equivalent to 1.75 kg superphosphate per m3) 
although this factor was only approaching significance (p=6%). Potassium 
strongly promoted foliage growth in the presence of high N in the simple 
factorial (Table 4) while in the composite (Experiment E) this interaction 
was not significant (Table 8). The K main effect was not significant in 
Experiment f (Table 8). Lime stimulated growth and the optimum appeared 
to beat 6 kg/m3 (Table 10). This is also shown in Figure 1 where the 
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quadratic response curve appears to be a more appropriate representation 
of the lime effect than fitting a straight line since growth was depressed 
at high rates, even though the former only approached significance at the 
8% level. Haynes_and G~h (1977) discussed the importance of pH on N uptake 
-
and stated that sometimes NH4-N toxicity can be overcome by addition of 
CaC03. This may account for the benefit of liming especially since 
Osmocote 26% N releases equal amounts of NH4-N and N03-N: 
The additional treatments in Experiment D (Table 5) did not differ 
significantly from "each other which indicated that there was no apparent 
advantage in using high rates of 8 - 9 month Osmocote nor any advantage 
between the two media. Marigold Experiment D was only of "2 months duration 
and therefore the 450/300/250 NPK level from 3 - 4 month Osmocote would be 
approximately equivalent to the 900/300/250 rate from 8 - 9 month Osmo-
cote (129 v 106g N/m3/month respecti ve-IY). " 
Foliar nutrient levels in marigold were strongly influenced by the 
fertiliser treatments (Table 6). High N fertilisation more than doubled 
foliar N levels and increased the uptake of P marginally and of Mg by 50%. 
Foliar N levels were further enhanced by fertiliser N in the presence of 
high P additions or in the absence of high K (Table 7). High N additions 
depressed K uptake but promoted foliar Na levels (Table 5). Very similar 
results were observed by Tsurishima and Date (1971) for pot grown marigolds 
using a clay based medium. They also found increased foliar Nand Mg 
and depressed K uptake with high N f~rtilisation but without apparent 
statistical analysis. High P levels in the potting mix generally enhanced 
nutrient uptake (Table 6). Foliar P and Ca levels were strongly increased 
while Mg uptake was only mildly enhanced (P=9%). Increased N, P, K and 
Mg was also observed by Tsurishima and Date (1976) when high P 
levels were used on marigolds although uptake of Ca was less conclusive. 
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High K fertilisationqlmostdoubled foliar K levels (Table 6) but 
was antagonistic to N, P (P=7%), Mg and Ca uptake. Very similar results 
were observed by Tsurishima and Date (1976). 
Johnson (1973) examined the visual symptoms and foliar nutrient 
analyses of a range of flowering annual plants grown in sand cultures 
containing complete and nutrient deficient Hoagland's solution. Dight 
(1977) mentioned the importance of examining the foliar nutrient composi-
tion of the final product when growing bedding'plants and gave a table 
of typical values from plants grown in peat-based composts. Foliar mineral 
values were also given by Tsurushima and Date (1976) for a range of bedding 
plants grown in a soil based potting medium. The range o~ values from 
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these workers and Experiment D, all for French marigolds, are now presented: 
Foliar Analyses For French Marigold (g%) 
N P K Ca Mg 
Di ght (1977) 0.7 - 4.0 0.1 - 0.6 0.8 - 3.7 
Johnson (1973) 0.4 - 5.2 0.1 - 0.8 1.0 - 6.0 0.2 - 2.7 0.1 - 2.0 
Tsurushima 
and Date (1976) 1.9 - 4.0 0.7 - 1.1 5.2 - 6.9 1.3 - 3.0 0.2 - 0.7 
Experiment D 1.8 - 5.2 0.3 - 0.7 1.5 - 4.0 1.1 - 1.9 0.7 - 1.9 
The range of values were relatively similar although the minimum levels 
in Experiment D did not drop quite as low as those obtained by Johnson (1973), 
who grew plants in a sand medium without mineral additions. The minimum 
levels given by Dight (1977) were those at which deficiency symptoms were 
observed and he concluded that the foliar N content should be above 3% 
and that K symptoms occur at levels less than 1.5% in the leaf dry matter. 
Lack of vigour accompanied with stunted growth were the main deficiency 
symptoms observed in the 2 experiments reported here, apart from some 
yellowing in N deficient plants. 
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DISCUSSION ON BEDDING PLANT NUTRITlON 
Kender and Childers (1959) found that ureaformaldehyde was a very 
poor source of nitrogen for zinnia seedlings grown in sandy loam and 
concluded that initial availability of nitrogen was of prime importance. 
They found that this could be achieved much more satisfactorily with urea . 
. Bunt (1976) pointed out that it is unlikely that even pot plants supplied 
with ureaformaldehyde would recover more than 50% of the applied nitrogen. 
Dight (1977) however, did a series of trials some of which were based on 
ureaformaldehyde. He found that Osmocote 14/6/12 and 26% N and other N 
sources~including liquid feeding were much better N fertiliser sources 
than ureaformaldehyde. He also noted that initial high levels of N can 
inhibitgrowth_c~a!Js;ng stunting and leaf scorch. This is not 'a serious 
risk with Osmocote 26% N since this material has rather a slow release 
rate initially (Stevens and Thomas, unpublishpd results). D;ght supplied 
asters and petunias with Osmocote 26% N at 304 and 405g N/m3 and found 
this did not promote the same vigour as sulphur coated urea supplying N at 
250 or. 374 g/m3. The N release rates from the 2 fertilisers would 
theoretically have been similar but the Osmocote may have been disadvantaged 
by a slow start. However Haynes and Goh (1977) found that asters (CaZZis-
tephus chinensis) responded equally well to IBDU, Osmocote 26%N, sulphate 
of ammonia and urea when grown in peat-sand medium .. They also noted that 
plant recovery of fertiliser N from Osmocote exceeded that from the other 
3 fertilisers in the 3 different media used. 
Tsurish·ima and Date (1971) found that French marigolds showed increased 
fresh weights but not greatly increased heights or width when supplied with 
additional nitrogen above the general base level used. Vigour and plant 
quality was improved more by P additions while added K had little influence. 
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Increasing N, P and K together was not superior to simply adding additional' 
,P. The optimal P level for both dianthus and marigold (Experiment E) 
appeared to be close to 150g P/m3 but the response was less pronounced 
than that reported by the former workers. 
The optimal N requirements for asters (CaZZistephus chinensis) 
supplied with ammonium sulphate was found to be 300 - 450g N/m3 (Haynes 
and Goh 1977). Some marginal necrosis, thought to be ammonia toxicity, 
was observed when plants were fed with 600g N/m3. The optimum level 
for marigolds was found to be 450g N/m3 (Figure 1) but no toxicity 
symptoms were observed above this level. Dight (1977) also noted symp-
toms of excessive nitrogen, such as dwarfing, and noted that aster was 
-~----- --
very susceptible while Tagetes was found to be only slightly affected. 
The growth of susceptible species was strongly supressed by rates of 6489 
N/m3 (or above) supplied from ammonium nitrate. This was coupled with 
high NH4-N levels in the mix, and therefore it is not surprising that 
toxicity occurred since that rate amounted to at least 432g N released per 
month (based on a 1~ month release rate). The 300 - 450g N/m3 found opti-
mal by Haynes and Goh (1977) and reported here for marigolds would amount 
to betwee~ 86 and 129g N/m3/month. 
Dight (1977) stated that potassium is commonly applied in U.K. to 
peat based composts as potassium nitrate at a rate of 300 - 400g K/m3. 
He pointed out that K deficiency symptoms are frequently seen in bedding 
plants at point of sale. Dianthus ana the marigold (Experiment D) grew 
strongly when added Nand K were at high levels. The 3 factor interaction 
for dianthus indicated that 450g N/m3 plus 250g K/m3 coupled with a medium 
level of P at 150g P/m3 was the apparent optimum. Very similar levels 
were also indicated for marigold with possibly slightly higher P levels 
(Table 4) and a lime rate of 6 kg/m3 for a peat-sand medium. 
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CHAPTER 9 
NITROGEN RESPONSE OF 
PROTEACEAE AND OTHER 
NURSERY PLANTS IN CONTAINERS 
ABSTRACT 
A range of proteaceous shrubs and other nursery plants were grown 
in containers with soilless media and various N levels primarily supplied 
from Osmocote (26% N). Plants demonstrated a range of responsiveness. 
GreviUea robusta was the most responsive but required an optimum near to 
. 120g N/m3/month, 2 Eucalyptus species had smailer responses than G. robusta 
but requi red an N optimum of 97g N/m3/month. CameUia japonica and Erica 
3 
carne a 'Springwood White' responded best to the range 57 - 121g N/m /month. 
G. rosmarinifolia and Leucadendron adscendens were the next mos t respons i ve 
species, then Hakea laurina and Dryandra formosa. Leucospermum candicans~ 
Frotea repens~ P. scolymocephala could grow satisfactorily on very low N 
levels amounting to just over 5g N/m3/month from Osmocote 18/2.6/10. 
Optimum N rates for all these species are discussed. 
116 
I NTRODUCTI ON 
Optimum growth of container plants requires a fairly uniform and 
continuous supply of N but with slightly greater levels in spring 
(Furuta 1976). Bunt (1976) stressed the relatively greater importance 
of a continuous N supply for pot plants grown in loamless composts com-
pared with crops grown in borders or the open ground. This was because 
of inherently low levels of availableN, roots restricted to a relatively 
small volume and the need for frequent watering of plants in containers. 
Soilless media rich in N would be unsuitable because of difficulties of 
standardisation, and the need to continually monitor N levels to maintain 
an optimum N supply. The total N requirement and the rate.at which it is 
required depends on the vigour of the species and the manner in whicr the 
plant is .grown. Temperature, light, water availability and size of con-
tainer are the most important factors controlling the rate and amount of 
growth. 
Boyd and Needham (1976) discussed different approaches to the interpre-
tation of data from N experiments and emphasised the value of multi-level 
tests with from 6 - 9, rather than only 2 - 4, N levels. They also stated 
their preference for the use of linear segments to describe a quadratic N 
response rather than a smooth curve since a curve was said to often encour-
age an over-estimation of crop requirements due to the economic optimum 
being placed on the crest of the curve rather than on a flat plateau. 
Knowledge of the desirable N rate is important. Lack of nitrogen will 
give rise to plants with low growth rates and often a spindly weak foliage 
growth, while excessive levels can yield hard stunted plants (Bunt 1976). 
The use of nitrogen in container mixes was reviewed by Thomas and Spurway 
(1975 a,b) (Appendix II). It is clearly the single most important factor 
to consider when examining the nutrition of container grown plants since 
a continuous supply is required. The rate of supply has a dominant control 
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over plant growth and is influenced by many factors such as fertiliser 
J type, N losses and growing conditions. Furuta (1976) indicated that a 
theoretical requirement of 3g of 14 month Osmocote required to raise a 
marketable plant in a one gallon container in practice becomes a 9g 
basal application because of severe N leaching losses over the'production 
time. Immobilisation of N and denitrification can also account for poor 
N recovery rates with container grown plants (Goh and Young 1975, Haynes 
and Goh 1977). 
Potted chrysanthemums were shown to have an N uptake rate, and total 
N demand, over 10 weeks in summer which greatly exceeded the requirements 
of cyclamen over one year (Bunt 1976). This illustrated the importance 
of comparative nutrition and in previous chapters N requirements have 
often been shown to contrast strongly between species. The objective of 
the experiments discussed in this chapter was to examine several different 
species (many in the Proteaceae) and to compare their responses to a range 
of N levels and in one case, different fertiliser sources while other 
inputs were kept relatively constant. 
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MATERIALS AND METHODS 
Plant Species and Growing Conditions 
Six experiments were run with from 1 - 5 species in each one. The 
, plants used, laying - down and harvest dates and numbers of replicates are 
given in Table 1. All plants were seedlings with the exception of Grevillea 
rosmarinifolia (Experiment A)" Erica carnea 'Springwood White ' (Experiment 
C), G. 'Olympic Flame ' (Experiment D) and Leucoppermum candicans (Experiment 
E). Rooted cuttings or young seedlings were potted up individually into 
tubes containing a medium with little or no nutrients. All experiments 
except B were run in a heated glasshouse equipped with automatic fan 
ventilation. The minimum glasshouse temperature was 150 C while the maxi-
mum was close to 50 C above ambient temperature. Experiment B was carried 
out in a shadehouse covered with 50% polypropylene shadecloth (Sarlon). 
Hand watering was done when required and no additional fertiliser applic-
ation were made following laying - down. 
Experimental Design 
Experiments A, B, D, E, and F were simple designs based on several 
levels of nitrogen for a range of species which were mostly in the Proteaceae. 
Experiment C was the only one with a factorial design and involved 2 N 
levels x 2 N sources (Uramite and Osmocote 26% N). All were randomised 
block designs. 
Media and Fertilisers 
The medium for all experiments was equal parts (1:1, vv) Mataura 
sphagnum peat and fine grade perlite. The physical and chemical properties 
of Mataura peat were described by Goh and Haynes (1977 a) and perlite by 
Morrison et al. (1960)~ 
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The levels of nitrogen in media varied from 0 to 900g N/m3 (Tables 
': 2-5) and were supplied predominantly from Osmocote (26% N). A basal 
dressing of 8 - 9 months Osmocote (18/2.6/10) supplying 45g N/m3 was. 
used in all experiments except those with nil N treatments. Total N was 
then made up from 3 - 4 month Osmocote (26% N) except in half~ihe treat-
I ments in Experiment C, where Uramite (38% N) was used. Base dressings of 
Osmocote 18/2.6/10 supplied 6.5g of P/m3 and this was supplemented with 
superphosphate (9% P) to give a total of 30g P/m3 in Experiments A, Band 
F.All other experiments were at the base level of 6.5g P/m3 from Osmo-
cote 18/2.6/10 or supplied from superphosphate in the nil N treatments. 
The 8 - 9 month Osmocote yielded 25g K/m3 and this was made up to 125g 
K/m3 in all trials except Experiment C with sulphate of potash (39% K). 
The levels of P and K were therefore as follows: 
Experiment 
A 
B 
C 
D 
E 
F 
P 
30 
30 
6.5 
6.5 
c6.5 
60 
K 
9/m3 
125 
125 
25 
125 
125 
125 
A base dressing of the following was also used, in all experiments: 
4.5 kg/m3 dolomite lime, 1.5 kg/m3 agficultural lime (CaC03), 75g/m
3 
• Sequestrene , iron chelate (Na EDTA Fe with 12% iron) and ISporumix AI 
(150 g/m3 containing 1.14% B, 0.62% Zn, 1.27% Cu, 5.46% Mn, 0.06% Mo, 
0.05% Co, 9.78% Mg). The media and fertilisers were well mixed and then. 
transferred to PB5 (2~1) 'Plantabags l just prior to potting. 
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, Data Collection and Analysis 
Visual ratings of foliage were carried out on all plants using the 
grading system described in Chapter 2. On completion of each experiment 
the plants were cut-off just above the top of the medium and the foliage 
was oven dried. All ratings and dry weights were statistically examined 
using the Teddybear (now Crypto/teddybear) computer programme for analysis 
of variance and F test. 
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RESULTS 
: Experiment A 
Lack of added N had no unfavo~rable effect compared with other treat-' 
ments on the growth of GreviUea rosmarinifoZia and PY'otea scoZymocephala 
3 months after baggingofthe plants (Table 2, Figures 1 and 2). However 
340 - 450g N/m3 appeared to be the upper limit for both species and very 
severe damage was evident after 3 months and death of most plants by 
harvest time in th.e 2 highest N treatments. Optimum N levels could not 
be accurately evaluated in these experiments because N was predominantly 
applied as 3 - 4 month Osmocote for an experiment which was run for nearly 
a year. It was noticeable, however, that a total of 225g N/m3 for grevillea 
and 100g N/m3 for protea appeared to be the optimum N level. These rates 
would amount to an optimum theoretical release rate of 57 and 24g N/m3 
per month respectively with only 5.5g N/m3/month supplied from the 8 - 9 
month Osmocote after 3~ months. Protea was therefore more sensitive than 
. grevillea to increasing N levels although there was a strong similarity 
in the response of the 2 species to added N and the onset of toxicity at 
3 months. This is shown in a comparison between Figures 1 and 2~ Tables 
are used to. give stqt;st;calanalyses of data and figures to illustrate 
significant response curves only. 
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. Experiment B 
Foliage of the three species in this experiment was visually rated at 
approximately 2, 7 and 11 months. There was no apparent response to 
increasing N levels after 2 months '(Table 3) but at 7 months CameUia 
- , 
i .japonica in the nil and 45g N/m3 treatments were showi ng N defi ci ency and 
there was a similar effect in Erica carnea 'Springwood White ' and Hakea 
Zaurina but only with nil N. The growth responses for the 3 species are 
depicted in Figures 3, 4 and 5. 
There was little N toxicity apparent and in fact the camellias and 
ericas showed no significant growth depression at any stage even with the 
highest N level of 900g N/m3/month, theoretically am~unting to 250g N/m3/ 
month for the first 3~ months. Some growth depression would have been 
expected for camellia and erica, however hakea showed severe toxicity 
symptoms at 11~ months (Table 3). In all 3 species a total level of bet-
ween 225 to 450g N/m3 appeared to be the most desirable. This would amount 
to between 57g N/m3/months for hakea and 121g N/m3/month for the other 
2 spec'i es for the fi rst 3~ months, 
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Experiment C 
This experiment involved GreviZZea 'Olympic Flqme' and Dryandra 
formosa supplied with nitrogen at two rates combined in a factorial 
design with Uramite and Osmocote. The lower rate of nitrogen. appeared 
i quite adequate for dryandra (Table 4) and growth of this species in the 
225g N/m3 rate was almost significantly (p = 0.07) higher than in 450g 
N/m3 when measured by visual ratings. Uramite initiated higher dry 
weight yield than Osmocote for Dryandra. 
The grevillea responded quite strongly to N rates and type of ferti-
liser. Osmocote at 450g N/m3 was superior to the lower rate and to both 
levels of Uramite (Table 5). This was probably because Uramite can have 
an N mineralisation rate of less than 60% of 3 - 4 month Osmocote (Bunt 
1976) and thus the high N requirements of grevillea compared with hakea 
could not be met with that fertiliser. 
Experiment 0 
The experiment with GreviZZea robusta was similar to Experiments A, 
Band F in that it involved several levels of nitrogen. The nil and 
45g N/m3 treatments quickly became inadequate as shown by visual ratings 
at 3~ months (Table 6 and Figure 6) while the 110~ N/m3 rate was inferior 
to the highest level of 675g N/m3 at 3~ months. The optimum rate appeared 
to be close to 450g N/m3 or 120g N/m3 per month. 
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Experiment E 
A very low and 2 medium rates of N addition were used for 6 proteaceous 
shrubs (Table 7). The foliage growth of Grevillea robusta in the 45g N/m3 
showed the effect of insufficient N after 3~ and 8 months and in final dry 
weights. Leucadendron adscendens was the only other species with a 
I depression in yield with the 45g N/m3 rate. This occurred only for foliar 
dry weights and it is noticeable that the other 4 species showed no ill 
effects or deficiency symptoms when receiving 0.25 kg/m3 of 8 - 9 month 
Osmocote. A rate of 45g N/m3 would amount to only slightly over 5g 
N/m3/month. The 450g N/m3 rate appeared toxic on G. rosmarinifolia at 
3~ months and Protea scolymocephala at 8 months while Leucospermum can-
dicans and p. repen~ were similarly unaffected by increasing N levels. 
This indicates that no serious deficiency was occurring. A lack of N 
response was mo~t apparent with the proteas where the 45g N/m3 treat-
ment for P. scolymocephaLa rated significantly higher than the other 
treatments after 8 months. In addition the dry weights for P. scolymoce-
phala species at the very low N treatment were high, although not sign-
ificantly greater than others-probably because of the high variability 
(cv = 110%). 
The optimum levels of N for G. robusta and L. adscendens appeared 
higher than those for other species at between 225 and 450g N/m3. The 
protea species and leucospermum appeared least demanding, requiring only 
45g N/m3 (from slow release Osmocote"only). G. rosmarinifolia from this 
work and Experiment A would probably be intermediate between the 2 groups. 
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Experiment F 
Two EucaZyptus species were grown in media with a range of N levels. 
I There was little difference between plants in all treatments after 2~ 
months except that plants without N supplied, were noticeably deficient 
(Table 8). The highest dry weights in both species occurred in plants 
from the 340 - 675g N/m3 treatments. The 110g N/m3 treatment was 
inferior to these. There was no apparent toxicity and the optimum rate 
appeared to be fairly close to 340g N/m3 for both species. This would 
be equivalent to 979 N/m3 per month from 3 .. 4 month Osmocote. 
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DISCUSSION 
GreviZZea rosmarinifoZia was grown in Experiments A and E and also 
studied in Chapters 2, 4 and 6. Higgs (1970) noted that this species 
could be damaged by high fertiliser rates that did not affect other plants 
, and this was noted in Experiment A where foliage growth was severely 
; depressed in N additions above 450g N/m3 (Figure 1). A linear response 
to N rates from split applications of N was demonstrated in Chapter 6 with 
a maximum application of 86g N/m3/month. The work reported here indicates 
that 121g N/m3/month may be too high for G. rosmarinifoZia. The optimum 
is therefore about 100g N/m3/month. G. robusta responded well up to 450g 
N/m3 and 'since this appears to be a robust rapid growing species (as 
discussed in Chapter 3) it is reasonable to assume that the optimum is 
hi gher than for G. rosmarinifoUa and coul d be pl aced at 120g N/m3/month. 
Proteas can tolerate very low nutrient levels (van Staden 1968 b) as 
found in Experiments A and E and in Chapter 3. These findings indicate 
that proteas require only low N rates and probabaly 50 - 60g N/m3/month 
would be quite adequate particularly if a soil mix was used. Initial 
propagation would probably need to be done without added fertilisers and 
using a mix such as equal parts peat and soil. Experiment E indicated 
that'leucospermums are likely to have a similar requirement. 
Leuoadendron adsoendens (Experiment E) Dryandra formosa (Experiment C) 
and Hakea Zaurina (Experiment B and Chapter 4 and 6) all appear to require 
N levels which are intermediate between proteas and GreviZZea rosmarinifoZia 
for optimum growth. Hakea was more sensitive to high N levels than 
G. rosmarinifoZia (Chapter 4), camellia and erica (Experiment B). A rate 
of 80g N/m3/monthis probably the upper limit for these species. 
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Camellias have a relatively slow growth rate and respond unfavourably· 
.-, to moderate salinity levels (Furuta 1969) or high fertiliser rates 
(Pearson 1958, Wills 1971). Earlier work (discussed in Chapter 3) 
indicated that camellia has not more than medium N requirements. In 
Experiment B camellia and erica responded similar and both responded to 
higher N levels than hakea. Carter (1973) stated that ericas only require 
low liquid feed rates and others have found them subject to chlorosis with 
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certain fertilisers (t1organ 1973) or media (Anon 1971). Klougart&BraggeOlsen(1969: 
stated that plants in the Ericaceae and Theaceae are very sensitive to 
salt damage. It appears from Experiment B and Chapter 7 (for erica) that 
a level of approximately 80g N/m3/month would appear to be a suitable gen-
eral optimum for both genera . 
. Young eucalypts can respond strongly to Nand P sidedressings in 
the open ground (Cromer et aZ. 1975, McIntyre and Pryor 1974) and these 
elements are important for their container culture (Kaul et aZ. 1966 a 
and b, 1968, 1970 a and b). A strong response was noted in Chapter 5 and 
again here in Experiment F up to a level of 340g N/m3. They were tolerant 
of 675g N/m3 (185g N/m3/month) and because wide variations in nutrient 
response have been noted between species (Moore and Keraitis 1971) a 
broad optimum range of 90 to 130g N/m3/month is suggested to allow for 
individual species requirements. In general they respond similarly to 
GreviZZea robusta and 120g N/m3/month should be adequate. 
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CONCLUSIONS 
The differing N requirements of a group of species was demonstrated. 
The range within the Proteaceae was. very wide and native habitat was 
probably the dominant governing factor influencing the N responses. Grevillea 
. robusta showed a hi gh requi rement (120g N/m3/month), G. rosmarinifoZia 
was intermediate (approximately 80g N/m3/month) and Protea spp. low N 
needs ( 50g N/m3/month). 
Nitrogen was supplied from different fertiliser sources and it was 
concluded that Uramite which is a relatively poor N source in a soilless 
mix was more suitable for Dryandra formosa than G. 'Olympi~ Flame I ~ while 
Osmocote (26% N) was the better fertiliser source for grev;llea. 
This was because dryandra is similar to protea in having a low N require-
ment and therefore a poor fertil i ser SOilrce ·or a low rate of a more 
efficient fertiliser than Uramite is desirable . 
. Hakea laurina appeared similar to D. formosa and had a lower N require-
ment tban camellia and erica. Leucadendron adscendens had ·similar N require-
ments to G. rosmarinifolia but Leucospermum candicans would appear to grow 
best with N levels which are intermediate between the optima for G. 
rosmarinifolia and Protea spp. 
Camellia japonica and Erica carne a 'Springwood White! are temperate 
species which were found to have low to medium N requirements with an 
optimum of approximately 80g N/m3/month. It was suggested (Chapter 3) that 
the temperate forests in which Camellia japonica developed were not very 
fertile and this would partly explain this camellia's low to medium N require-
ment. Growth rate may also be an important factor influencing the nutritional 
requirements of camellia and erica. They contrast with eucalypts which 
have a rapid growth rate and were found to grow strongly in response to 
90g N/m3/month. However habitat is usually implicated and as discussed 
earlier (Chapter 5) genotype and habitat been shown to influence N utilis-
ation in eucalypts (Moore and Keraitis .1971). 
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CHAPTER 10 
PHOSPHORUS RESPONSE OF 
PROTEACEAE AND OTHER 
NURSERY PLANTS IN CONTAINERS 
ABSTRACT 
A range of mostly proteaceous shrubs was grown in containers with 
various P rates. Shrubs in the Proteaceae were generally intolerant of 
P levels about 50 g/m3 but GreviUea robusta and Leucosperrrrum candicans 
were.not damaged at 120g P/m3. Camellia japonica could tolerate levels 
of about 125g P/m3 and this rate appeared optimal for the E. carnea 
'Springwood White'. Protea scolymocephala growth was more satisfactory 
in peat:perlite (1:1, vv) than peat:p~rlite:soil (1:1:1, vv) and liming 
tended to reduce P toxicity. Foliage growth was more severely depressed 
by the high Prate (60g P/m3) with the soil medium than in peat-perlite. 
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I NTRODUCTI ON 
Many of the cultivated Australian Proteaceae come from heathlarids 
."here the soils are often extremely impoverished (Specht 1963, Stewart 1959, 
~ood 1959). Beadle (1962) pointed out that P levels may be below 150 
~pm in some soils .. South African Proteaceae are also primarily confined 
to deficient soils in their native habitat (Johnson and Briggs 1974, Wild 
,1969). Many Proteaceae ·have adapted to a low P supply (Beadle 1968, 
Jeffrey 1967). Some can store P and use it in the growing season (Specht 
and Groves 1966) while others can revert to a semi dormant state when P 
and N levels are reduced (Wood 1959). The development of proteoid roots 
has occurred as an aid to nutrient absorption, particularly P (Purnell 
1960, Groves 1964, Jeffrey 1967). This specialised root system is highly 
efficient at extracting P from the rooting medium (Jeffrey 1967) but can 
act to the plants detriment if high levels of available P are present 
particularly within the small confines of a nursery container. Earlier 
chapters have indicated that GreviUea rosmarinifoUa, HaKga ZaUl"ina and 
particularly Protea repens ItJere readily damaged by medium levels of added 
P in a potting mix. Other genera from Australia were dlso implicated. 
There is probably a tendency in New Zealand nurseri es to add medi urn 
quantities (lkg/m3) of superphosphate along with slow release fertilisers, 
such as Osmocote, which may already contain some P. This is based on 
observations and appears to be due to the fact that New Zealand farming is 
based on the extensive use of superphosphate as the key and often sole 
fertiliser in the 'clover based pastoral ind.ustry'. Phosphorus can be 
toxic for even such crops as cereals on light lands (Loneragan et aZ. 1966). 
Many Australian shrubs and trees are grown in New Zealand nurseries plus 
other species which may be sensitive to added P and therefore it appears 
justified to look at the influence of several P levels on a range of nursery 
species. A further objective was to examine the combined effect of P 
additions and liming on plant growth since' pH of the medium can strongly 
influence P concentrations in the soil solution (Tisdale and Nelson 1970). 
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MATE~IALS AND METHODS 
Plant Species.and Growing Conditions 
Four separate experiments were carried out each involving from 1 to S 
species and a total of 880 plants. The plants used and the laying-down 
and harvest dates are given in Table 1. Most plants were raised from seed 
and pricked out into tubes where they were held with little or no feeding 
until the experiments began. GreviZZea rosmarinifoZia (Experiment A and 
C), Erica carnea ISpringwood White l (Experiment C) and Leucosper,mum 
candicans were grown from semi-ripe tip cuttings and held in tubes as 
were the seedlings. All experiments were run in the same heated glass-
house which was equipped with automatic fan ventilation. The minimum 
glasshouse temperature was ISoC while the maximum was close to SoC above 
ambient temperature. Hand watering was done when required and no further 
fertiliser applications were made following laying-down. 
Experimental Design 
Experiments A, Band C were simple designs based on several levels of 
phosphate for a range of species which were mostly in the Proteaceae. 
Experiment D differed in that only Protea scoZymocephaZa was involved and 
that it was a factorial experiment with 3 levels of P x 2 media (soil and 
soil-less) x 3 lime levels and duplicated with two sizes of plant. The 
small sized plants were approximately 6cm high and had been propagated. 
in tubes, while the larger ~nes were nearly double this size, well branched 
and had been growing in 10cm Ace pots. The number of replicates and 
treatments are given in Table 1. 
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Media and Fertilisers 
A mixture of equal parts of Mataura sphagnum peat and fine grade 
perlite was used for all experiments. A medium made up of equal parts 
of sphagnum peat, perlite and soil were used as one factor in Experiment 
D only. The physical and chemical properties of Mataura peat were des-
cribed by Goh and Haynes (1977(;\) and perlite by Morrison et aZ. (1960). 
The soil was Wakanui c1 ay silt loam, taken from the top 15cm of 
cultivated ground. The soi1~ characteristics were as follows: pH 5.9, 
soluble P 5%, organic C 3.1%, total N 0.18%, C/N 17, cation exchange 
capacity 10.3me./l00m1, total bases 5.4me./l00m1 and base saturation 
52.4%. 
Levels of added P varied from 0 to 300 g/m3 (Tables 2-5) and were 
predominantly supplied from single superphosphate (9% P). Dolomite and 
agricultural (CaC03) limes were used in the ratio of 3:1 (w.w) at 6 kg/m
3 
in experiments A, Band C and at 3, 6 and 12 kg/m3 for D. Levels of other 
nutrients in experiments A, B and were 150g N/m3 and 75g K/m3 supplied 
from 3 - 4 month Osmocote (26% N) and sulphate of potash (39% K) respect-
ively. The levels in Experiment C were 225g N/m3 and 125g K/m3 which 
were all supplied from 8 - 9 month Osmocote (18/2.6/10). This meant that 
in all treatments in Experiment C there was a base level of 32.5g of slow 
release P with the remaining amount derived from superphosphate. Single 
superphosphate was the sole source of P in the other 3 experiments. All 
treatments also received a basal dressing of the following: 75 g/m3 
• Sequestrene I iron chelate (Na EDTA Fe with 12% iron) and 'Sporumix AI 
(150 g/m3 containing 1.14% B, 0.62% Zn, 1.27% Cu, 5.46% Mn, 0.06% Mo, 
0.05% Co, 9.78% Mg). The media and fertilisers were well mixed and then 
transferred to PB 5 (2~1) 'P1antabags' just prior to potting. 
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Two media samples were taken on two occasions randomly from the 
J treatments in Experiment D and the mean pHis were as foll ows:-
pH 
3 months 6~ months 
Lime ( kg/m3) Lime (kg/m3) 
3 6 12 3 6 12 
15 PP 5.6 6.5 6.2 4.6 6.0 6.6 
PPS 5.6 6.3 6.5 5.7 6.0 6.4 
P 30 PP . 5.3 5.2 6.7 5.5 5.6 6.7 
(g/m3) PPS 5.4 5.9 6.7 5.3 5.8 6.7 
60 PP 5.2 5.5 6.4 5.3 ' 5.8 6.3 
PPS 5.7 5.7 6.6 5.6 5.7 6.5 
Mean 5.5 5.4 6.5 5.3 5.8 6.5 . 
Data Collection and Analysis 
Visual ratings were carried-out on all plants using the grading system 
outlined in Chapter 2. 
On completion of each experiment plants were cut-off just above the 
top of the medium and the foliage oven dried. All ratings and dry weights 
were statistically examined using Teddybear (now Cryto/teddybear) computer 
programme for analysis of variance and F test. 
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RESULTS 
Experiment A 
GreviZZea robusta and Leucospermum candicans failed to respond sign-
ificantly to any treatment, were unaffected by high P levels and in fact 
the latter produced larger plants than the low P treatment (Table 2). 
G. rosmarinifoZia~ Leucadendron adscendens~ Protea repens and P. scoZymoce-
phaZa on the other hand all showed very severe P toxicity symptoms or 
appeared dead at 3~ months when supplied with 120g P/m3. This is equiva-
lent to 1.3kg of superphosphate per cubic metre and it clearly had a 
rapid effect from which there was little recovery by these sensitive 
species. There was no response to the 30g P/m3 rate by any of the species, 
nor was there indication of damage by this low rate. 
Experiment B 
The three proteacerius species in this experiment were all similar in 
their high sensitivity to added phosphate. Plants receiving 120g P/m3 
were very severely damaged in the first few months of this experiments with 
many dead before its full duration (Table 3). There was even severe 
toxicity noticed with 60g P/m3 after 4 months. This i5 equivalent to 
only 0.6 kg superphosphate/m3. Dry weight of foliage of dryandra and 
telopea plants grown with 60 or 120g P/m3 was inferior to that in plants 
receiving lower rates. This occurred at only 15g P/m3 for banksia. 
There was no evidence of a positive growth response to added P in any treat-
ments. 
Experiment C 
Five species were grown with 10 levels of added phosphate (Table 4). 
Results with CameZZia japonica were ra~her inconclusive but it appears 
that this species has no high requirement for phosphate and nor is it 
readily damaged by P at 300 g/m3 (equivalant to superphosphate at 3 kg/m3). 
,,' 
Phosphate at 50 - 75 g/m~ ap~eared to be adequate for this species. These 
~ rates are quite low since the base dressing of 1.25 kg/m3 of Osmocote 
. 3 
18/2.6/10 would supply 32.5g P/m over 8 - 9 months (superphosphate was 
the sole source of P in the other 3 experiments). The rates of 50 and 75g 
P/m3 included 17.5 and 42.5g P/m3 from superphosphate respectively. 
Erica carnea 'Spr;ngwood White ' was the other non proteaceous shrub in 
this experiment and showed no deficiency symptoms at 1~ or 2~ months, 
however 50 and 75g P/m3 were inadequate for erica at 5 months and at har-
vest (8 months) resulting in depressed foliar yields. Added P at 150 -
175 g/m3 mildly depressed erica foliar growth as indicated by foliar dry 
weights. The main feature, which started to become appare~t at 5 months 
and in the dry weights was that between 100 - 125g P/m3 was the optimal 
level for this erica. 
GreviZZea ~osmarinifoZia~ Hakea Zaurina and Frotea scoZymocephaZa 
141. 
were the proteaceous shr~bs in this experiment and reacted quite differently 
to added P than did the previous two species. The lowest rate of 50g P/m3 
was soon observed to be the maximum acceptable level of phosphorus (Table. 
4). All data is given in Table 4 along with statistical analyses while 
Figures 1 and 2 are included to illustrate response curves for significant 
results for hakea and protea respectively. Rates above 100g P/m3 depressed 
growth of all 3 species after only 1~ months, and the 4 highest levels 
caused very severe toxicity in hakea and protea at this early stage. 
Grevillea ratings after 2~ months showed a contin~ing depression of growth 
but by 5 months plants were recovering, probably due in part to leaching 
and fixation of available P. The other 2 species showed no recovery 
and with the protea there were only a few plants left alive at 100g P/m3 
with all others dead except for the lowest P level. No positive growth 
response occurred in protea with P additions and the results were all 
unfavourable. 
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Experiment D 
This experiment was more complex than the previous three and involved 
2 factorial experiments designed to examine the influence of plant size, 
P, lime and media on the growth of Protea scoZymocephaZa. The main effects 
and treatment levels are shown in Table 5. 
The peat:perlite (PP) mix gave superior results for the small grade 
plants at both visual ratings compared to the peat:perlite:soil (PPS) 
medium (Table 5) and this preference for no soil was also expressed in 
the foliar dry weights. The medi.a had a similar effect on the large grade 
plants although it was noticeable, particularly at the second rating, 
that the quality grades in both media appeared much higher than for the 
small plants. Dry It.'eights of these large grade plants also indicated 
stron~ growth supression caused by the soil potting medium but this effect 
was more severe with high added P. Thus the large plants growing in PPS 
and receiving 60g P/m3 were markedly inferior, at the first visual rating 
and in dry weight, to plants receiving equal rates of phosphate in PP or 
lower rates of P in PPS (Table 7). The interaction of P levels and the 
medium was less clear with the 'small grade' plants since only a 3 factor 
interaction was significant for each of the ratings and dry weights for 
these treatments (Table 6). These plants in PPS generally had lower foliar 
dry weights than those in PP with equal lime and P rates, however those in 
PPS plus low lime and P grew quite well and were significantly greater 
than in all other treatments. 
Phosphate was not strongly toxic at the levels used. Its effect 
appeared influenced by lime rate and generally the small size plants were 
of highest grade or dry weight when P and lime rates were at their lowest 
(Table 6). However, the 3 factor interactions indicated that this was 
mostly for plants in PPS and that those in PP grew very well if P and lime 
rates were increased together. The best 3-treatment combinations for 
small plants in PP were thus 15g P/m3 + 3 kg/m3 Lime (pH 4.6), 30g 
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: P/m + 6 kg/m lime (pH 5.6) and 60g P/m + 12 kg/mJ lime (pH 6.4) .. 
~ Similar results were obtained with the larger sized plants (Table 7) . 
. The large sized plants grew well with a combination of low P and lime 
rates but for both media in the second rating and for foliar dry weights, 
. appearance and foliar yields were highest when medium P and high lime 
-~i 
" were combined. This was particularly marked in the latter case where 
~ 30g P/m3 plus 12 Kg/m3 lime was strongly superior to all other tre~tments. 
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DISCUSSION 
Soil phosphate was found to be an important determinant in the 
development of plant communities in the Australian heath vegetation in 
early studies by Specht (1963) and in subsequent studies (Heddle and 
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'I Specht, 1975). Banksia~ GreviUea and Hakea often occur together in these 
::! communities in various parts of Australia and Dryandra may also be 
~ present (Lamont 1973). Tetopea speciosissima occurs in a more restricted 
habitat on Hawkesbury sandstone but was found here to react in a similar 
way to the other P sensitive species. The South African proteaceous 
shrubs were equally sensitive to added P except Leucospermwn candicans. 
Eliovson (1967) states that L. atbwn and L. candicans are similar and that 
the former grows easily in the garden while both are common in the Scuth 
Hestern region of the Cape in South Africa. L. candicans appeared to be 
a robust plant which was easy to propagate and far from difficult to grow 
in containers. Further work is required to confirm whether this and other 
Leucospe'rmwn spp. are similar to G. robusta in being able to tolerate high 
P levels. There was no indication of P toxicity at 120g P/m3 for L. candi-
cans in Experiment'A at any stage yet Leucadendron adscendens , which is also 
widespread in a similar habitat, was strongly suppressed by the same Prate. 
Camellia and erica are sensitive to high fertiliser levels (Carter 1973, 
Pearson 1958, Wills 1971) and salinity (Klougart & Bragge Olsen (1969). c. japonica 
growth can be depressed by 300g P/m3 especially when coupled with high N 
levels (Chapter 3). The opposite occurred with Erica carnea 'Springwood 
White ' (Chapter 7) where there was a positive NP interaction. These species 
are therefore not similar although both are much more tolerant of added P 
than most Proteaceae. A level of 100g P/m3 could be recommended (from 
Experiment B) for c. japonica while both the composite experiment reported 
in Chapter' 7 and Experiment C here would indicate that at least 200g P/m3 
should be basally applied for container grown E. carne a 'Springwood White ' . 
Cil. 10 
The influence of P additions on the growth of GreviZlea rosmarinifoZia 
~ in containers was previously reported in Chapters 2, 4 and 6, accompanied 
by Hakea Zaurina in the latter two. This grevi11ea was less sensitive to 
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P toxicity than the hakea, and the upper limit for basally applied P is 
probably close to 100 g/m3 for G. rosmarinifoZia and 50 g/m3 for H. Zaurina. 
~ There has been little evidence of any benefit from adding any superphosphate 
along with slow release fertilisers indeed with Banksia'spinuZosa in 
Experiment B foliar ratings and dry weights were inferior with 30g P/m3 
compared to 15g P/m3. These are low rates and only amount to 333 and 167 
g/m3 of superphosphate (9% P). It is therefore inadvisable to add any 
superphosphate to media for sensitive species. Small grade Protea 
8coZymocephaZa plants were only slightly more affected by added P than 
large grade ones but at, and following, the pricking out stage even 0.25 
3 kg/m of 8 - 9 w.onth Osmocote has been found to be damaging. It is part-
icular1y important to maintain low P levels in the mix when medium or high 
levels of N are present as indicated in Chapters 2, 3 and 4 and by Grundon 
(1972). 
Grundon (1972) stated that several heathland Proteaceae are like the 
ca1cifuges since they are adapted to maximum growth at low available Ca 
levels, but in contrast to most of the European calcifuges they are unable 
to avoid excessive uptake of calcium which leads to severe depression of 
yield. Protea scoZymocephaZa however, in the work reported here, was very 
tolerant of high lime rates. The pH was raised from 5.4 at 3kg 1ime/m3 
to a pH of 6.5 at the 12 kg rate after 6~ months. There appeared to be 
no unfavourable response or negative interaction between lime and P, and 
plants appeared to grow equally well at 60g P/m3 plus 12 kg 1ime/m3 as when 
both factors were applied at low rates. In fact with large grade plants 
the highest foliar dry weights were 30g, P+12 kg lime per m3. Massey and 
Winsor (1973) noted that liming decreased the soil test values for P when 
the pH of a glasshouse soil was raised from 5.6 to 7.4 and Bunt (1976) 
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~ has noted similar effects in potting mixes. Tisdale and Nelson (1970) 
~ state that the concentration of the various phosphate ions in the soil 
solution is intimately related to the pH of the medium and that in 
alkaline or calcareous soils this js governed primarily by Ca++ activity, 
the amount and particle size of free calcium carbonate and the amount of 
clay present. It therefore seems plausable that high lime rates could 
~ have influenced P availability as indicated by the growth responses of 
P. scoZymocephaZa and that high lime rates (greater than 6 kg/m3) will 
reduce the possibility of P toxicity. It was also noticeable that the 
soil mix, which grew inferior plants compared to PP, accentuated the P 
toxicity as occurred in Chapter 4. Hence a negative interaction between 
toxic P levels and an inferior physical medium can occur. 
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CONCLUSIONS 
A standardised system of growing plants in soilless media supplied 
with commercial type fertilisers proved to be a satisfactory method ,of 
studying the comparative nutrition'of a range of species. It allowed 
the use of factorial experiments while still retaining direct relevance 
d to commercial practi1e. i 
This work has helped overcome some of the problems encountered by 
New Zealand nurserymen in the container culture of proteaceous shrubs 
particularly with added P levels. It has also demonstrated the widely 
differing nutritional requirements of container grown plants. The 
fertiliser responses of plant species generally reflect the soil 
fertility of their native habitat which can often have more significance 
than botanical relationships. 
It is conveni ent for nurserymen to use the Sdme potti ng medi urn 
for as many species as possible but the studies reported here indicate 
that maximum foliage growth can only be achjeved with a wider range of 
different media for shrubs than is currently being used in most New 
Zealand nurseries. Modification of commercial seedling and pot plant 
media by increasing the range of basic mixes and/or using supplementary 
fertiliser sidedressings is also indicated. 
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PRACTICAL IMPLIC~~ 
~Nitrogen Requirements 
~ 
Nitrogen is probabaly the most important single element in terms 
of the practical management of loamless potting media. The general 
significance and estimation of N levels is discussed in Appendix II 
~; in the papers by Thomas and Spurway (1974). The comparati ve nutri ti on 
~ studies reported in this thesis reinforced the dominant importance of 
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N in potting media and also showed that requirements will vary according 
to the species. Four groupings are suggested according to N requirements:-
Low N Speci es 
(50g N/m3/month e.g. 2.5 kg/m3 Osmocote 18/2.6/10) 
Banksia . Leucosperrrrum 
lJr>yandra PY'otea 
LeucadendY'on (slow growing 
species) 
Telopea 
Medium N Species 
(75g N/m3/month e.g. 3.5 kg/m3 Osmocote 18/2.6/10) 
Camellia 
Fatsia 
Grevillea (slow growing species) 
Hakea 
LeucadendY'on (vigorous species e.g. L. adscendens) 
., 
., 
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Moderately. High N Species 
(100g N/m3/month) e.g. 4.5 kg/m3 Osmocote 18/2.6/10 
or 2.5 kg/m3 Osmocote 14/6/12 for seedlings.) 
Acacia 
Boronia (slow growing species may be better with medium N.) 
CaZZistemon 
Choisya 
Erica 
EucaZyptus 
GreviZZea (vigorous species e.g. G. rosmarinifoZia and G. robusta) 
Bedding plant seedlings. 
Hi gh N Speci es 
{120g N/m3/month) 
Ficus (e.g. 5.5 kg/m3 Osmocote 18/2.6/10) 
Tomato seedlings (e.g. 3 kg/m3 Osmocote 14/6/12) 
Phosphate Requirements 
Phosphate applications for the proteaceae should be kept to a minimum 
and no superphosphate should be added to supplement basal applications of 
Osmocote - this is particularly important at high N levels. Fertilisers 
high in P, such as Magamp, should be avoided. The only exceptions to 
this are the rain forest species such as GreviZZea robusta and Macadamia spp. 
Species can be classified into groups according to their P requirements 
or tolerance to added P:-
Species Intolerant Of 100-300g P/m3 
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Highly Sensitive Moderately Sensitive Mildly sensitive 
;Banksia spinul()sa Grevillea rosmarinifolia Acacia verticillata 
DPyandra formosa Leucospermum candicans Boronia megastigma 
Hakea laurina Camellia japonica 
~j Leucadendron adscendens 
_Protea spp. 
Telopea speciosissima 
Species Showing A Response To 100-300g P/m3 
Mildly Responsive 
Erica carnea 
Eucalyptus spp. 
Grevillea robusta 
Tomato (young seedlings 
only) 
Moderately Responsive Highly Responsive 
Dianthus chinensis Ficus e las tica 
Tagetes patula 
. '.' Potass i um Requi rements 
~ Proteaceous shrubs have a low requirment for added K while medium 
. levels (250g K/m3) are not detrimental. Several Australian shrubs and 
trees, and some Northern Hemisphere species are also unresponsive to 
K fertil i sation. 
Herbaceous seedlings contrast with most woody species and have a 
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:;: moderate to hi gh K requi rement. Tomato in parti cul ar has a very hi gh 
need for K and strong foliage growth will be achieved in a peat/sand 
mix supplied with up to 500g K/m3 along with 6 kg/m3 li~e and 120g N/m3 
per month. Ficus elastica is one woody species which, grown as pot 
. plants, responds strongly to added K although Nand P levels must also 
be hi gh. 
Liming 
Most proteaceous shrubs can be grown satisfactorily in equal parts 
peat/sand (PS), peat/perlite (pP) or similar potting media, with 3 kg/m3 
of lime or with no lime added providing that the pH is not below 4.5. 
However rainforest species such as Grevillea robusta may prefer lime 
3 
rates between 3-6 kg/m particularly where medium or high fertiliser 
rates are being used in a soilless mix. A lime rate of 6 or more kg/m3 
would be beneficial for proteas (except for calcifuge species) where 
30 or more g P/m3 are added to a potting mix. This could occur where 
these P levels are derived from application of balanced NPK fertilisers. 
Liming can help reduce P toxicity although the simpler approach of min-
imising added P levels by choice of suitable low analysis fertilisers 
would be preferable. Single element materials such as Uramite and IBDU 
could be chosen and complete NPK materials such as Magamp should be 
avoided. 
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Marigolds in PS or PP requfre at least 6 kg/m3 of lime (or sufficient 
to obtain a pH of approximately 5.5) for optimum vegetative growth .. 
':'Ericas are typical calcifuge plants and a medium of PS or PP without 
added lime but with trace elements supplied is most suitable for good 
foliage growth providing the pH is not greatly below 4.5. 
;~ Medi a 
A good open well aerated medium is desirable for proteaceous plants. 
A mix containing 25-50% soil will not prevent P toxicity and in fact a 
high proportion of soil could compound any problems associated with excess 
P levels since plants in an inferior potting medium are more seriously 
i affected than those where only one unfavourable growth factor occurs. 
However soil can be used to advantage where a safe and low nutrient supply 
is required. This is of greatest value when plants are very young since 
when 'they are small they are most sensitive to added fertilisers(N and 
P especially}. A rate of only 0.25 kg/m3 of 8-9 month Osmocote (NPK 
18/2.6/10) can be toxic to small seedlings. A medium of equal parts good 
quality loam (disinfected to control weeds) and peat without any added 
fertilisers (or lime) is recommended for the initial potting-up of 
seedlings or rooted cuttings into tubes or small pots. This is parti-
cularly important for seedling Proteaceae since most species are very 
sensitive to transplanting stock and should be pricked out into individual 
containers at the first true leaf stage. They can then be held in pots 
and watered with a low strength liquid feed at regular intervals until 
potting-on into larger containers. A fertiliser-free mix should not be 
used for rainforest species like G. pobusta since they would require a 
much higher nutrient supply than for proteas, waratahs and other species 
which are sensitive to even very low Nand P levels. G. posmaranifoZia 
is an example of a strong growing species which could be potted dir~ctly 
into 'Plantabags' when cuttings are well rooted in tubes. 
154. 
Proteoi d Roots 
Proteaceous shrubs have developed proteoid roots as an adaptaion to 
infertile soils in their native habitat. Nurserymen many consider these 
specialised structures to be mycorrhizal or pathogenic swellings and 
their significance has often been questioned. However these structures 
~; are scarce or totally absent with medium or even low levels of added 
~: fertilisers. Proteoid roots are not essential and satisfactory growth 
of container grown proteaceous plants is readiiy achieved without their 
presence. 
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APPENDIX I 
---
--
DETAILS OF EXPERHlENTS, PLANTS AND PLANT SPECIES -
_.:~...J 
Cha~ter Tri al S~ecies Treat. Re~s . Total 
Number Plants 
"!-~i 2 5 GreviZZea rosmarinifoZia 13 24 312 
27 G. rosmarinifoZia 8 10 80 
-.... ~ 
-- 3 13 Protea repens 8 15 120 
26 G. robusta 8 10 80 
16 Lycopersicon escuZentum 'Best of All' 14 15 210 
6 CameZZia japonica 13 25 325 
----_.--
-----
4 1 Hakea Zaurina 6 15 90 
-, 
2 L. escul.entum 'Best of All' 6 20 120 
7 L. escuZentum 'Best of All' 19 24 456 
17 G. rosmarinifoUa 30 10 300 
20 H. Zaurina 30 lO 300 
5 11 Boronia megastigma 14 25 350 
34 Choisya ternata 10 9 90 
35 EucaZyptus notabiZis 8 8 64 
E. viminaUs 8 8, 64 
42 Acacia verticUZata 'Rewa' 12 7 84 
6 12 G. rosmarinifoZia 30 14 420 
50 CaZZistemon citrinus 30 10 300 
51 H. Zaurina 30 9 , 270 
l: 10 Erica carnea 'Springwood White' 13 25 325 
15 E. carne a 'Springwood White' 30 12 360 
8 47 Dianthus chinensis 'Dwarf Fragrance' 27 10 270 
40 Fatsia japonica 14 10 140 
41 Ficus eZastica 15 12 180 
39 Tagetes patuZa 'Sparky' 14 15 210 
46 T. patuZa 'Sparky' 30 14 420 
9 22 G. rosmarinifoUa 8 10 80 
P. scoZymoeephaZa 8 10 80 
23 C. japonica 8 10 80 
E. carnea 'Springwood Whlte' 8 10 80 
H. Zaurina 8 10 80 
24 Dryandra formosa 4 10 40 
G. 'Olympic Flame' 4 10 40 
30 G. robusta 7 10 70 
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. ,Ia~ter Trial S~ecies Trea t. . Re~s . T6tal 
Number Pl ants 
31 G. robusta 3 5 15 
G. rosmarini fo Ua 3 5 15 
Leucadendron adscendens 3 5 15 
~-, Leucospermum candicans 3 5 15 
--'] 
P. 3 5 15 rep ens 
k-~~ P. scoZymocephaZa 3 5 15 
36 E. nichoUi 6 10 60 
E. notabiUs 4 10 40 
10 18 C. japonica 10 10 100 
~--: E. 'Springwood White' 10 10 100 carne a 
-. 
G. rosmarinifoUa 10 10 100 
H. Zaurina 10 10 100 
25 P. scoZymocephaZa 36 7 252 
29 Banksia spinuZosa 5 10 50 
D. formosa 5 10 50 
TeZopea speciosissima 5 10 50 
32 G. robusta 3 5 15 
G. rosmarinifoUa 3 5 15 
L. adscendens 3 5 15 
L. canaicans 3 5 15 
P. repens 3 5 15 
P. scoZymocephaZa 3 5 15 
TOTAL 7,572 pHs. 
CLASSI FICATION -
.-. 
Families 
ARALIACEAE 
CARYOPHYLLACEAE 
:-'i COMPOSITAE 
'-~~I ERICACEAE 
~-'1 
MIMOSACEAE 
MORACEAE 
MYRTACEAE 
PROTEACEAE (GREVILLEOIDEAE) 
(PROTEOIDEAE) 
RUTACEAE 
THEACEAE 
10 FAMILIES 
BOTANICAL, FUNCTION 
Genera 
Fatsia 
Dianthus 
Lycopersicon 
Tagetes 
Erica 
Acacia 
Ficus 
Callis ternon 
Eucalyptus 
Banksia 
DY'yandra 
Grevillea 
Hakea 
Telopea 
Leucadendron 
Leucocper>mum 
PY'otea 
l:,'oronia 
Choisya 
Camellia 
20 GENERA 
3 South African 
8 Australian 
r 3 Herbs 
~7 Woody 
2 Pot Plants 
1 Vegetable seedling 
2 Bedding plants 
16 Trees and shrubs 
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No. 
~. 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
3 
1 
1 
1 
1 
2 
1 
1 
1 
25 SPECIES 
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Evolution of the Proteaceae 
and Cultural Implications 
by 
P. J. HOCKING and M. B. THOMAS 
(Department of Horticulture, Lincoln College) 
INTRODUCTION 
Although the family Proteaceae is relatively small, it 
embraces many beautiful trees and shrubs, e.g., the 
Australian Warratah (Telopea speciosissima), the South 
:: African Sugar Bush (Pro tea repens), and the Chilean Fire 
- Bush (Em bothrium coccineum). A large number grow well 
in the warmer parts of New Zealand and are becoming 
increasingly popular. 
Unfortunately, some of the most beautiful species of 
Banksia, Pro tea Dryandra etc. are either difficult to pro-
pagate or die soon after removal from the propagation 
bench. ~onsequently, many New Zealand nurserymen 
routinely suffr'r considerable set-backs and economic 
losses with proteaceous lines. A hust of reasons has been 
advanced to explain the sudden demise of these plants, but 
few explanations are plausible or scientifically based. 
This is probably due to a lack of basic information on, 
and understanding of proteaceous distribution, ecology 
and physiology. 
This article deals with the evolution, phytogeography and 
adapti~e mechanisms of some Proteaceae and attempts to 
seek out factors which might shed light on causes of 
cultivation problems. Special reference is made to 
Australian heathland Proteaceae. 
DISTRIBUTION AND EVOLUTION 
The family Proteaceae consists of about 60 genera and 
1300 species (Hutchinson, 1967). Present distribution is 
disjunct and virtually confined to the southern continents 
(Ramsay, 1963). Most Proteaceae are in Australia (ap-
proximately 35 genera and 800 species) and S~uth . 
Africa (approximately 14 genera and 380 speCIes), WIth a 
. few in Central and South America, tropical West Pacific, 
New Zealand and tropical Asia northwards to Japan . 
(Hutchinson, 1967). Two Sub-families are recognized by 
Hutchinson (1967):- . 
1. Grevilleoideae - includes Grevillea, Banksia, Dryandra 
etc. 
2. Persoonioideae - includes Protea, Leucadendron etc. 
Persoonioideae (referred to by Rao (1971) as the Pro-
teoideae) predominate in South Africa, while the Grevil-
leoideae are well represented in Australia (Ramsay, 
1963). South Africa and Australia have no genera in 
common. Australia has several genera in the Per soon-
ioideae, whilst South Africa has only one genus belonging 
to the Grevilleoideae. Although the Australian flora has 
a strong affinity 'with that of South America there is 
little evidence suggesting a similar relationship with the 
flora of Southern Africa (Burbidge, 1960). In the genus 
Orites fpr example, there are two species in South 
America and eight in Eastern Australia and Tasmania 
(Rao, 1971. The two New Zealand proteaceous genera 
(Knightia and Persoonia) are absent from South 
Africa and South America, with Knightia being confined 
to New Zealand and New Caledonia. . 
Proteaceae is an ancient family and its origin remains one 
of the major phylogenetic mysteries. Johnson and Briggs 
(1963) consider proto-Proteaceae existed before the 
Upper Cretaceous under tropical and sub-tropical rain 
forest conditions. By the end of the Upper Cretaceous, 
the Proteaceae had evolved and distribution was perhaps 
almost cosmopolitan, although evidence for this is 
rather inconclusive (Rao, 1971). Darlington (1965) be-
lieves. the Pro teaceae developed in the tropics and migrated 
southwards during a long period of widespread warm, 
moist conditions. Later, during a cold climate they 
became extinct in Antarctica and survived only in more 
northerly refugia, from where they spread southwards 
again with climatic improvement. 
Burbidge (1960) discusses the evidence for an Antarctic 
origin and points out that the paucity of Proteaceae in 
New Zealand is unusual if they originated in Antarctica. 
Rao (1971) believes that Australia was the home of the 
Proteaceae which originated under mountainous rain 
forest conditions and later spread into the lowlands. 
Separation of ancestral stocks oecured early during 
angiosperm deve.\opment with subsequent independent 
speciation in the different land masses. 
Proteaceae in Australia 
It appears that many proteaceous genera arose in 
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Australia during a warm epoch, e.g. Grevillea, Banksia, 
Dryandra and Persoonia (Wood, 1959). Crocker (l959) 
states that by the Early Tertiary, Australia had a broad-
leaved vegetation inCluding proteaceous genera allied to 
Hakea. Banksia and Persoonia and concludes that these 
plants had sub-tropical affinities. Specht and Rayson 
,.,.,; (1957) give evidence that present-day sclerophyllous 
'.'; genera of Proteaceae e.g. Banksia, evolved under a warmer. 
and moister .climate than at present. 
. ~ The Australian distribution of Proteaceae is interesting. 
They are only abundant in the relatively moist S.W., S.; 
and E. coastal belts of Australia and are poorly repre-
sented in the arid regions. Seven of the genera in N.E. 
Queensland are endemic there. The S.W. province of 
Western Australia has five endemic genera (Gardner, 
1959) while there are no species common with N.E. 
.. Queensland. Evidence suggests that many proteaceous 
genera were formerly much more widespread than at 
present, e.g. fossils of Dryandra spp. now confined to 
S.W. Western Australia have been found in Victoria 
(Johnson and Briggs, 1963). 
Geological history shows that during the Cretaceous 
period the central part of Australia was flooded by the 
sea (Crocker and Wood, 1947), which almost reduced 
t.l,e continent to two large islands, one western, the 
Other eastern. Consequently the flora of the central area 
was destroyed and the floras of the east and west became 
isokted. When the epicontinental sea receeded, the 
central part of Australia emerged as a flat, saline desert, 
uninhabitable to plants and has remained a formidable 
barrier to migration and inter-Illixture of the Floras 
(Rau? 1971)' 
In addition, it appears that during the Miocene, earth 
movements occ'ured in S.E. and S.W. Australia resulting 
in a great diversity of habitants and local climates (Wood, 
1959). Browne (1945) provides evidence that during the 
Late Pleistocene, Australia's pluvial climate changed to an 
arid one with marked seasonality which essentially 
continues today. Australia also experiences periodic 
droughts which are very intense and may extend for 
months. These changes provided strong selective pressures 
and those proteaceous taxa which could adapt, spread 
. from the rain forests, e.b. Hakea, Banksia etc., while 
others remained confined to them or became extinct. 
The selective pressures also led to speciation and subse-
quent endemism (Wood; 1959). This is especially so in 
the S.W. province of Western Australia, one of the world's 
richest floristic regions. About 75% of the species are 
endemic, a figure sinlilar to that of the Cape Province 
flora of South Africa where there is strong endemism, 
particularly in the Proteaceae. 
Burbidge (1960) regards the S.W. Province of Western 
Australia as the chief centre of proteaceous development 
in Australia, e.g. the three largest genera Grevillea (250 
spp.),Hakea (140 spp.) and Banksia (40 spp.), have their 
main development there. However, Beadle (1962) points 
out that centres of greatest species abundance within a 
genus may not represent the centre of origin, but rather 
a local expression through edaphic and climatic control 
of a once plastic genus which migrated into an area 
capable of stimulating adaptive radiation . 
Proteaceae and the heathlands of Australia 
. . 
Many of the cultivated Proteaceae come from the 
Australian heathlands. Typical heathland vegetation 
consists mostly of small stunted trees and shru,bs, including 
Banksia spp., Acacia spp., Eucalyptus spp., Epacris spp. 
(the Australian heaths), Casuarina spp. etc. (Gardner, 
1959; Specht, 1963). It invariably occurs on extremely 
impoverished acid to neutral sandy soils of the moist 
coastal areas of South West, South and Eastern Australia. 
The soils have very low available P, N, K and Ca, while 
Mo, S, Cu, Zn and B may also be extremely low (Specht, 
1963; Stewart, 1959; Wood, 1959). P levels may be 
below 150 ppm in some soils of the S.w. Province of 
Western Australia (Beadle, 1962). Wood (1959) suggests 
it is the limiting P supply which determines the low N 
levels of these soils, since C, N, P and S occur in fairly' 
constant proportions in soil organic matter. 
Jeffrey (1967) considers that heathland Proteaceae have 
adapted to a low P and N requirement. Beadle (1954, 
1968) also favours physiological adaptation and believes 
many of these plants have the ability to tolerate a low 
P turnover. Specht and Groves (1966) found that P is 
taken up in spring and stored as polyphosphate which is 
hydrolysed to orthophosphate and used in growth during 
summer. Wood (1959) showed that some species can pass 
into a static (but not dormant) condition whenP and N 
levels are reduced, and remain in this state for up to two 
years. According to Wood (1959), the low ;,'rtility of the 
soils protects the hCuillland ~pecies against invasions 
by plants with a higher nutrient need. 
Growth period 
Lamont (1973) points out that the growth period of 
Australian Proteaceae may vary from five months, as in 
certain winter rainfall districts, to the whole year in 
others. It is noticeable that most of the South African 
Proteaceae inhabit the winter rainfall areas (Werner, 
1951). Lamont (1973) mentions that proteaceous plants 
are unable to store water or tolerate large water deficits 
and therefore are not well adapted to drought. However, 
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GreJ,i1/ea rosmarillifolia 
showing N & P toxicity-N response N-deficiency 
Leit: Hakea laurilla 
-showing toxicity 
at high NPK 
Right: Tomato 'Best of A II' 
-showing response to high NPK 
and severe deficiency with no 
llutIients. 
Camellia japollica responds 
in a different manner to the plants shown above 
and rather indifferently in the early stages of growth. 
Levels of nutrient element supplied 
by fertilisers in peat/perlite mixes-
(left to right) 
N 
P 
K 
N 
P 
K 
N 
P 
K 
g/m3 of potting mix: 
450 
300 
25 
o 
o 
o 
450 
300 
25 
450 
30 
250 
450 
300 
250 
450 
30 
250 
o 
o 
o 
45 
300 
250 
45 
300 
250 
450 
300 
250 
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they are able to start or stop growth at any time during 
the year according to whether or not conditions are suit-
able. 
Many proteaceous species are drought avoiders since they 
possess an extensive root system with deep lateral roots 
. that penetrate into moist sub-soil (Specht and Rayson, 
> 1957b). Wood (1959) points out that southern Australian 
:-; heathland species, while flowering in spring show maxi-
::: mum growth during summer, the driest time of the year. 
For example, Specht and Rayson (1957a) found that 
:: Banksia ornata and B. marginata at Coonalpyn Downs, 
South Australia, only commenced growth when the mean 
temperature exceeded ·18°C (November to April) which 
is out of phase with the wet season (winter) of this region. 
The growth of related heathland plants is also vigorous 
during summer in coastal Queensland where, although 
. the temperature is high, it is accompanied by heavy 
: rainfall. Thus, while heathland species from both these 
areas have their maximum growth in summer, those in 
Queensland are growing when rainfall is high and those 
in the south are exploiting soil water reserves with their 
- deep root systems as rainfall is almost zero. Specht and 
Rayson (1957) suggest that the occurrence of Proteaceae 
on low fertility soils and the summer growth pattern of 
southern taxa are connected with the evolutionary history 
of heath land vegetation which apparently flourished 
during the Pleistocene period on widespread, infertile 
soils. 
;;-
'oteoid roots on TeZopea speciosissima 
\' 
.' . 
.. > .... 
'\\ 
Close up of proteoid roots. 
Proteoid roots 
Purnell (1960) defines a proteoid root as a dense cluster 
of rootlets of limited growth alon~ a lateral root, and 
several others have described their development. They 
appear to last only one season and by the end of summer 
are dry and shrivelled (purnell, 1960) although the parent 
roots last indefInitely (Lamont, 1972a). Lamont (1972a) 
found them to be physiologically active for two to three 
months and they seem to be produced by the youngest 
roots of the root system. Purnell (1960) and Lamont 
(1972b) have described their anatomical features. 
Proteoid roots have been found on a wide range of 
Australian Proteaceae, Purnell, 1960; Jeffrey, 1964 and 
1967; Rao, 1971; Lamont, 1972 a and b), but they have 
also been observed on South African genera, e.g. 
Protea spp. in work at Lincoln College. ' 
Several studies have been made to determine the nutrit-
ional Significance of proteoid roots. Jeffrey (1967) work-
ing with Banksia ornata heathland, found a discrete zone 
2.0-3.5 cm. thick in the soil profIle composed of a mass 
of proteoid roots. The zone was not more than 5 cm 
deep and proteoid roots penetrated into the litter layer. 
l 
--j 
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Symptoms of phosphate toxicity on Grevillea rosmarinfolia. The plant on the right appears to have recovered from an initial period of 
mild toxicity. 
. 
Under some conditions the proteoid root carpet may be 
almost continuous. Jeffrey (1967) considers it may act 
as a trapping surface for nutrients from a number of 
sources including cyclic salts and litter decomposition. 
In glasshouse culture they have been observed to develop 
on the top of a moist bench. 
Beadle (1968) using Hakea dactyloides, found consistent 
development of proteoid roots on plants grown under 
low P, but not on plants grown under high P. Lamont 
(1972a) found that proteoid roots responded to lower 
levels of N and P than non-proteoid roots, and concluded 
nutrient concentration, especially Nand P, largely deter-
mines the relative contribution of proteoid roots to the 
plant. Jeffrey (1967) found that they were very effective 
at absorbing P and considered this was due to a large 
surface area. 
Rao (1971) states that proteoid roots are directly involv-
ed in N and P uptake under natural conditions, and they 
Levels of nutrient element supplied by fertilisers in peat/perlite mixes 
(left to right) 
glm3 of potting mix 
N 45 450 45 45. 
P 3030 300 30 
K 25 25 25 250 
Proteo repens 
Left 
Centre Left 
Centre Right 
Right 
Good growth under vey low nutrient levels 
Nitrogen toxicity 
Phosphorus toxily 
Good growth and no adverse effect from high 
potassium levels. 
do not appear to be mycorrhizal. Lamont (1972a) found 
no evidence of endophytic fungi or bacteria despite 
extensive investigations. The roots are neither modified 
N fIxing nodules nor a reaction to invasion by pathogens, 
and Lamont (1972a) concludes that proteoid roots are 
normal components of the root system of many 
Proteaceae. 
The development of proteoid roots in the Proteaceae 
appears to be a remarkable adaptation to cope with low 
fertility soils. They probably evolved on ancestral " 
Proteaceae when Australia and S. Africa were clo~r 
together, since it is unlikely that they would have arisen 
independently in the different genera. It seems that even 
in the period when early angiosperms flourished, some 
Proteaceae were adapted to low fertility soils primarily 
determined by low available P (Beadle 1962). 
Proteoid roots are probably of little importance in' 
nursery or home garden situations despite the great 
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:ological significance of this adaptation, because the 
lants are able to absorb adequate nutrients through their 
on.proteoid root system. In fact, L1Jl1ont (1972a) 
lUnd that high levels of soil organic matter and nitrogen 
md to decrease the ratio of proteoid roots to non· 
'roteoid roots. 
:)daptions of the Proteaceae 
.. \5 pointed out above, many of the S: African and 
·;·\.ustralian Proteaceae have evolved proteoid roots as a 
neans of enhancing nutrient uptake, and certainly in 
\ustralia, most members of associated heathland famil· 
es have specialised means of increasing their nutrition 
:.g. the Epacridaceae (Epacris etc.) use endophytic 
nycorrhizae, the Fabaceae and Mimosaceae have N. 
.,rIXing nodules and the Casuarinaceae (a non-legume 
,family) also have N. fIXing nodules. Further, most of the 
lClerophyllous heathland species are sensitive to changes 
in their micro·habitats (Woods 1959). For example Pryor 
.{1959) points out that the intricate distribution pattern 
of heathland Eucalyptlls spp. accords with microhabitat 
changes. Gardner (1959) states that several heathland 
Proteaceae show marked specificity or adaptation to 
environmental parameters, e.g. climate, soil type and 
fertility, altitude, proximity to the sea, water and temp-
erature reginles etc. and appear to have a very limited 
ability to tolerate changes. It is proposed that the high 
degree of adaptation and intolerance to change shown by 
the Proteaceae has a profound effect on the nutritional 
~requirements and responses of these plants under cult-
ivation. 
. Nutrition 
Beadle'(1962) found no improvement in the growth of 
: Hakea dactyloides ~ soil P inc;reased. Specht (1963) 
. observed that seed germination of Banksia ornata was 
not inlproved by increased fertility. In addition, seedlings 
were unable to withstand the shock effects of some 
fertilisers. Moore (1966), and Moore and Keraitis (1966) 
using Grevillea robusta seedlings found that develop-
ment of deficiency symptoms for P and N depended both 
on the level of each nutrient and also the balance of the 
two. Available soil P was considered to be the most im-
portant factor. However, G.robusta seedlings responded 
to increasing levels of N especially at high levels of K, 
and vice vera i.e. there was a significant interaction. 
betWeen Nand K in the growth of G.robusta. 
Probably the most important work so far is that of 
Grundon (1972) who studied the nutrition of Queensland 
heath vegetation. He found that Proteaceae were sup-
pressed by high P levels. Grundon (1972) noted P Tox-
icity at low N and sometimes K levels and considers 
that the Proteaceae have a high capacity for using very 
low levels of available P since the metabolism of these 
heathland species is adapted to use P more efficiently 
than other species. He concludes that high P levels are 
likely to be toxic or to suppress the heathland Proteaceae. 
Work at Un coin College has confirmed the marked 
sensitivity of several Proteacease e.g. Pro tea sp., Hakea 
laurina and to a lesser extent Grevillea rosmarinifolia 
to high levels of P, especially when the plants are small. 
Apparently the sensitivity of G. rosmarinifolia declines 
as the plants become larger. In addition, G. rosmarinifolia 
seems to respond quite well to increased N in the compost. 
Jeffrey (1964) has shown that many Proteaceae are 
calcifuges, and because they are adapted to make maxi- ' 
mum growth at low Ca. levels, they are unable to avoid 
excessive Ca. uptake, when grown in soils with high 
levels of Ca resulting in toxicity. A similar situation is 
thought to occur with P. Consequently, the Proteaceae 
are very prone to P toxicity. Ca levels may also be critical, 
not only through direct toxicity but also indirectly via 
external and internal pH effects on the plant's nutrition. 
In the past, many proteaceous losses have been attributed 
to pathogenic fungi, particularly Phytophthora spp., causing 
root rots and a blackening and 0 ie·back of shoot tips 
(Salinger, 1964). Hewett (1972) believes thatPhytophtora 
cinnamomi is perhaps th;; greatest destroyer of Proteaceae. 
However, symptoms of l' toxicity !() Proteaceae have been 
observed at Uncoln College as a blackening of shoot tips 
followed by rapid death. Therefore, it is quite probable that 
many deaths attrib:lted to Phytophthora spp. are in fact 
due to P toxicity since many nurserymen use composts 
which are high in nutrients, especially N, P :uld K. ' 
It is also important to remember that the degree of toxicity 
would vary with:-
1. Plant size - generally large plants would be more toler-
ant than small ones. 
2. TIle species - e.g. Grevillea rosmarinifolia appears to be 
more tolerant of P and N fertilizer than Hakea laurino, 
which is in turn slightly more tolerant than Protea spp. 
3. The type of potting compost - its drainage, aeration . 
structure and texture etc. 
4. The aerial environment e.g. temperature regime, relative 
humidity, air circulation etc. 
There are several other auaptive and ecological factors 
which seem to be important when Proteaceae are cultivated. 
A free draining acid soil or compost is desirable (Salinger, 
1963). This is to be expected since most of the cultivated 
Proteaceae come from acid, sandy, well·drained soils. 
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Also a warm coastal or frost-free hilly situation seems to be 
beneficial as most Proteaceae appear to need good air 
circulation and are intolerant of frosts, correlating with 
their predominately coastal or steepland distribution. For 
exampie, Eilovsen (1957) states that Leucadendron . 
" argentelJm does best in frost-free coastal areas where 
'.= there is a sea mist_ as on the Cape Peninsula. 
:-" Watering may be critical since many of the Proteaceae are 
-oi xerophiles (Willis 1966) and come from areas with a marked 
•• ! seasonal drought. 
Proteaceae to their habitats makes them intolerant of 
changes in environmental parameters, e.g. soil fertility, 
pH etc. This is most important when these species are 
grown in nurseries and gardens, often in environments 
to which they are unadapted and which, in many cases, 
they cannot tolerate. Often nurserymen have failed to 
realise this and explain the demise of these species in 
vague terms of disease or failure to form proteoid roots. 
However, it is more likely to be the high nutrient levels, 
especially P, of their potting mixes that is causing the 
plants to die since many of the Proteaceae are intolerant 
of such abundant nutrients. The growers are killing 
these plants with kindness! ~ 
In addition, some species show little growth in spring and 
should not be watered in the same way as many other plants 
wh:ch are at their maximum growth. The quality of the 
irrigation water may be another important factor. Eliovsen In addition, other adaptational features of the Proteaceae 
(1957) considers that basal watering is better than e.g. specific pollinaters, intolerance of alkalinity, the 
overhead sprinkling and warns against sprinkling the leaves, need for good air circulation (possibly an adaptation to 
" especially on dull cloudy days when evaporation is low. win~y s~tes) etc. may be the cause of problems under 
Some form of trickle irrigation may be beneficial here. cultIvatIOn. 
Heavy summer rain and warm humid conditions appear to be: Finally, the following pointers for nursery culture, based 
injurious to many S. African species (Eliovsen 1957). ',on research at Lincoln College and in conjunction with 
Propagation by seed may present problems since the seed in 
some of the species does not mature until about a year after 
flowering (Salinger 1964). Seeds may be abortive in some 
countries because there are no suitable pollinators present 
m,d often the percentage of fertile seeds (as in Pro tea spp.) 
may be very low indeed (Stevens 1965). 
Conclusions 
The Proteaceae are an extremely old Angiosperm family 
which probably arose in the distant past in the tropical 
regic'ns from where they became widespread. They migrated 
south and some adapted to the different climates encount-
ered. Early in their development an ancestral line became 
adapted to infertile soils by developing proteoid roots and 
physiological tolerance of low nutrient levels. During the 
intervening geological periods up to the present, other 
adaptive mechanisms evolved. Concurrently, selection 
pressures and continental drift led to the extinction of 
many groups and resulted in the present day disjunct 
distribution of some genera in the southern continents. 
In particular the Proteaceae are intimately associated 
o with the heathland areas of S. Africa and Australia 
where conditions stimulating intense adaptive radiation 
once occurred. Both these areas are extremely low in 
P and N and survival of the vegetation is primarily 
determined by the ability of the plants to withstand 
long periods of mineral starvation combined with drought. 
Protcoid roots enhance their ability to absorb nutrients 
and are an ecological advantage to this essentially suc-
cessional group of plants: 
It is not surprising that the complex adaptation of many 
ithe factors already discussed are Iisted:-
1. Phosphate Fertilisers 
Only very low levels are required. Medium levels 300 
P/cu.m (31b superphosphate/cu.yd) will rapidly kill 
Proteas and cause foliar burn on Grevilleas in light 
weight mixes. High P levels have probably been the 
greatest single problem in the nursery culture of 
proteaceous plants. Young plants are particularly 
sensitive. 
2. Nitrogen Fertilisers 
Low to medium levels of nitrogen are required. 
Grevilleas show a marked response to nitrogen fert-
ilisers although Proteas can be severely burnt back 
by medium to high levels. 
3. Potassium Fertilisers 
No potassium toxicity has been observed; however 
only low levels appear necessary. 
4. Other Aspects of Nutrition 
An acid to neutral medium is best. Normal liming 
rates (6kg/cu.m) appear quite satisfactory for many 
Proteaceae using a soil-less container mix such as 
5'0% peat and 50% perlite. No foliar chlorosis has 
yet been observed in trials at Lincoln College, because 
adequate levels of chela ted iron have been included in 
the mixes. Young plants are particularly sensitive to 
fertilisers and may be killed by even very low levels of 
P and possibly N in the mix. A container mix con-
sisting of 25% soil and 75% perlite and no fertilisers or 
lime has proved very satisfactory. Soil does not appear 
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to be essential in potting mixes and it is unnecessary 
to supply micro-organisms to form mycorrhiza. Current 
research (Baylis 1972, Lamont 1972, a) does not 
support the view held by some nurserymen and work-
ers that Proteoid roots are the result o'f a mycorrhizal 
association. 
drought resistant. However, young plants under glass-
house conditions will need regular watering. Older 
plants must also not be allowed to get too dry. 
S. General Culture 
Proteaceous plants should be grown in ~n open, well-
drained mix. As already discussed they are fairly 
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RESEARCH ON THE NUTRITION OF CONTAINER-GROWN 
PROTEACEAE PLANTS AND OTHER NURSERY STOCK 
M.B. THOMAS 
Department of Horticulture, 
Lincoln College, Canterbury, N.Z. 
Abstract. The nutrition of six species of plants was examined using peat: 
perlite (1:1) mixes and slow-release fertilisers in factorial experiments. Most 
plants msponded strongly to nitrogen while there was little response to phos-
phorus. Medium phosphorus levels proved fatal for Proleo repens and depressed 
the growth of GWI'i/Jeo rosmorin(folio particularly when accompanied by high 
nitrogen. Tomatoes responded to very much higher fertiliser levels than pro-
teaceoks and other shrubs and there was a very strong N x K interaction with 
tomatoes even thDugh they were grown in winter. 
REVIEW OF LITERATURE 
Gardeners and nurserymen alike have often found plants in 
the Proteaceae difficult to grow unless certain requirements are 
met. Plants may die early and can be particularly difficult to 
grow in containers; a comparison of their growth response with 
other nursery plants like camellia. erica and tomato will give an 
insight into their relative nutritional requirements. 
Various reasons have been put forward for losses of pro-
teaceous plants including disease and faults with general culture. 
Hewett (18) states that attack by the fungus Phytophthora 
... ' 
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cinnamomi is perhaps the greatest destroyer of plants in the Pro-
teaceae and that it is spread through infected nursery plants or 
soil. 
Many proteaceous plants prefer acid soils and high levels of 
calcium may result in toxicity (24). Higgs (19) found that the 
planting depth in containers is important and that the survival of 
Grevillea rosmarinifolia rooted cuttings was severely reduced by 
planting at 5 cm. depth rather than 1 cm. Plant size and the aerial 
environment such as temperature regime, relative humidity, and 
air circulation may also influence plant losses in nurseries. 
Nutrition and fertiliser problems are probably the greatest 
single cause of difficulties in the nursery culture of the Proteaceae. 
Many of the cultivated Proteaceae come from the Australian 
Heathlands and the slopes of the coastal mountains of South Af-
rica. The growth of proteaceous plants in their native habitat gives 
a good indication of their cultural requirements. The distribution 
and evolution along with cultural implications was reviewed by 
Hocking and Thomas (2). Soil fertility is a key aspect in the dis-
tribution of proteaceous plants in Australia. The plants grow in 
moist coastal areas on extremely impoverished acid to neutral 
soils which are very low in P,N,K and Ca, and many trace ele-
ments (34, 37,41). Phosphate has been shown to be the key factor 
since it ir>fluences organic matter levels and protects the health-
land species against invasion by competitive plants which need 
more fertile soils than the Proteaceae (41). Proteaceous plants have 
adarte9 to a low P and N requirement (5, 7, 24, 33); for example, 
some caI]. take up phosphate in the spring and store it until it is 
required in the growing season (35). Proteoid roots are a further 
adaptation and are dense clusters of rootlets of limited growth 
along a lateral root (32) and have been found on a wide range or 
proteaceous species from Australia (23, 24, 25, 26, 32) and South 
African species (2). Proteoid roots do not appear to be mycorrhizal 
(4, 33) and are primarily an adaptation to low fertility soils (6). 
.. . 
Hodge (22) reported that fertilisers high in phosphate have 
been responsible for the death of many grevilleas. Iron chelates 
and sulphate of ammonia were recommended to correct chlorosis. 
Higgs (19) in nursery container tTials found that Grevillea 
rosmarinifolia developed chlorotic foliage with full strength fer-
tiliser treatments at normal depths of planting. He found that as 
time passed growth was inhibited and the lack of vigour became 
noticeable compared with the healthy appearance of plants grown 
in the half strength and nil fertiliser treatments. Hockings (21) 
states that. in general, grevilleas prefer a soil with definite acid 
reaction but that there are two quite well known exceptions, 
namely GrevilleQ robust,a and G. striata, both of which can thrive 
in alkaline soils. Grevillea I'obusta grown in containers will re-
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spond to increasing levels of nitrogen especially at high levels of 
potassium (27, 28). J 
Van Staden (38) and Parvin, et al (31) observed and described 
deficiency symptoms in proteas and found that nitrogen defi-
ciency in Protea cynaroides will reduce the dry weight yield of 
leaves and roots, ""hile potassium and calcium deficiencies will 
give a general reduction of growth. Low.. levels of N, K, Ca, Fe in 
the potting mix will reduce the level of iron in tne-prant and lead 
to foliar chlorosis (38). Vogts (:"19) warned against the use of man-
ure for proteas while Stevens (36), in contrast, recommended lib-
eral applications. Watson and Parvin (40) state that the premature 
death of proteas is common at any age and most com:rnon at the 
end of.a dry season or after over-watering and they attribute this 
to a serious outbreak of soil-borne fungi. They point out that ob-
servations indicate that pro teas respond to standard fertiliser pro-
grammes. 
Camellias respond to supplementary nitrogen feeding when 
grown in John Innes and U.C. mixes (3). Nitrogen is the major 
nutrient that needs to be added to sustain growth of camellias (8, 
13, 14, 29) while phosphorus, potassium and sulphur are needed" 
in lesser amounts (8, 29). An N. P. K. ratio of 3:2:3 appeared to 
give optimum growth (13, 14). 
Gray (16) reports that light-weight soil-less media are of value 
for the production of container-grown faicaceOllS plants and that 
these plants should be induced to make growth early "in the sea-
son. Alvey (1) recommended that "flowers of sulphur" should be 
substituted for chalk in John Innes mixes in order to improve 
growth and overcome chlorosis whi~h occurs du~ to lime-induced 
iron deficiency. Potting mix and feeding trials on Erica cornea 
. Springwood White' in England showed that this plant establishe"d 
poorly in loam less mixes, appeared chlorotic and was a poorer 
quality as fertiliser rates increased (2, 11). It was found that these 
plants grew better in lIP II and were much larger than those in 
loamless mixes and concluded that a low rate of feeding is needed 
vdth loamless mixes. 
High fertiliser levels can reduce the growth of container 
grown "tomatoes in winter when light levels are low in Europe (10, 
42). This was most severe where high rates of Nand Ca were 
combined with low rates of P (10). It was also found that the 
peat/sand mixture was deficient in available nitrogen but that in-
creased N levels were more likely to reduce growth in peat/sand in 
winter than when a loam mix is used. In summer the position was 
reversed and there was a positive response to each increment of N 
in the peat-sand mix and growth was significantly better than the 
growth of tomatoes grown in a loam compost. 
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MATERIALS AND METHODS 
This article reports on the first six of a series of separate trials 
carred out at various times with different nursery plants in con-
tainers. The intention \Vas to standardize materials and methods as 
much as possible and follow New Zealand commercial practice 
\·"hile still retaining an adequate level of scientific "technique." 
All trials were based on a N. P. K. 23 factorial using randomised 
blocks and analysed for analysis of variance and Duncan's Test. 
The physical part of the mix was peat-lite mix B (9) which has the 
advantage of being relatively inert and chemically uniform (30) 
and is used by commercial nurserymen. Slow release fertilisers are 
used where possible. 
All trials were based on the following: 
Physical Ingredients: 50% Dipton sphagnum peat; 50% horticul-
tural grade perlite (Perloam) . 
Chemical Ingredients: 
Fertiliser Nutrients glml 
kg/mJ Ib/yd l N P K 
A base of:- 0.25 0.42 Osmocote 
NPK 181 
45 30 25 
plus:- 4.5 
1.5 
0.075 
0.150 
2.6/10 
6.74 dolomite lime 
2.53 carbonate of lime 
0.136 iron chelate (Sequestrene NaiFe) 
0.253 Trace element mix 
(Sporumix) - approx. 10% Mg. 
1% Cu. 1% Bo. 5% Mn. 0.1% Mo) 
(Note the above 5 ingredients constitutes treatment 1 in all 6 trials) 
Further treatments were made up by adding some or all of 
three fertilisers; for example, with treatment 8 in all the trials: 
Osmocote 26%N 
Superphosphate 9%P 
Sulphate of potash 39%K 
plus base fertilisers 
Fertiliser 
kg/m) Ib/ydJ 
1.558 2.63 
3.000 5.06 
0.577 0.97 
N 
405 
45 
Nutrients g/ml 
P K 
270 
225 
30 25 
Total NPK nutrients 450 : 300 : 250 
No soil disinfection was carried out and black plastic PB5 (3 
litres approx. capacity) planter bags were used in each case. 
Yields were assessed by cutting off the above ground parts of the 
plant at soil level and then obtaining the oven-dry weight of each 
foliage sample. Statistical analyses including F Test and analysis 
of variance; factor interactions and Duncan's test on the data were 
obtained by computer analysis. Visual ratings were carried out 
during the running of the trials and statistically analysed in the 
same manner as dry weights (Results of ratings are not shown). 
The 13 treatments (Fig. 1) were the same in each trial. except that 
Grey,lIea. rosmarinifolia 
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Figure 1. The dry weight growth response of the various species to different 
levels of N. P. and K. (Levels of significance can only be compared 
within one species - with small letters in common above the col-
umns there is no significant difference at the 5% level using Duncan's 
test). 
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with Grevillea robusta and Protea repens. the last 5 treatments 
were omitted. The trials were based on two levels of each of N. P. 
& K.; i.e. at 23 factorial plus five additional treatments (except Pro-
tea repens and Grevillea robusta expts.). All were carried out in a 
heated glasshouse equipped with automatic fan ventilation. 
Table 1: Details of Individual Trials 
No. of" Reps. plants 
treat- (plants grown Date Date 
Plant species lifted ments per trea!.) from Bagged Lifted 
Grel'ilJea rosmar- 13 24 cuttings 22.9.72 2.5.73 
inifolia 
Grel'illea robusta 8 10 seed 14.12.73 6.8.74 
Protea repens 8 15 cuttings 26.3.73 10.6.74 
Camellia japonica 13 25 seed 25.9.72 25.9.73 
Erica carnea 13· 25 cuttings 27.12.72 24.10.73 
'Springwood White' 
Lycoperscion 13 15 seed 14.6.73 24.8.73 
esculentum 'Best of 
All' (Tomato) 
RESULTS 
Grevillea rosmarinifolia Experiments: Visual ratings during 
the early stages (data not given), showed that mild toxicity oc-
curred in varying amounts in 'treatments 7-12. Analysis of the in-
teractions (not shown) revealed that therA was a significant N x P 
interaction; i.e. these two elements acted to depless growth more 
than if either one was at high levels on its own. 
The dry weights (Fig. 1) indicated the prominent influence 
of nitrogen in the growth response. Additional potassium was 
not beneficial while additional pho;:,phate significantly depressed 
yields 
Figure 3 is designed to illustrate the interactions between any 
two elements. Relative dry weight figures are plotted on a square 
base and shown by the vertical height above each of the four 
points. In the N.K. figure for Grevillea rosmarinifolia, the lowest 
point of the box design is low N + low K and the greatest yield is 
at N + low K. An alternative way to show this second diagram 
would be as vertical columns representing the yield in g of dry 
weight (Fig. 2): 
"Uno '"" 
N " P 1 
H'II"N lll.N.~" !-I.~'" HoIi'N!. .... 
to,.. P la •. N 
Figure 2. Interactions between any two elements, 
;:'.' 
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Comparisons can only be made within one box using the least 
significant difference figure (5%); i.e. differences are only signific-
ant if greater than the LSD figure. 
G. rosmarinifolia in Figure 3 illustrates the significant interac-
tions of N with P and N with K and to a lesser extent P with K 
where growth was depressed. The main response was to nitrogen 
while there was avery small response to P and K on their own. . 
GreviIlea robusta Experiments. There were no visual ratings 
and in Figure 1 the results divide between those treatments where 
plants grew vigorously with nitrogen and those with small yields 
due to having only 45 g of Nlm3 supplied. Figure 3 shows that 
there was a N x K interaction but no N x P or P x K interactions. 
Plants responded strongly to the main effect of N. 
~ rosmarinitoha 
HIgh N Low N&K High K Hl(jh N&K 
Low K Low N 
Figure 3. Three dimensional figures depicting the growth response (Dry wI. tops 
in g.) of container - grown shrubs to N.P.K. and the interactions in-
volved. 
Erica ~ "Springwood While-
Lycopersicon ~ -Best of All-
Figure 3 (cont.) 
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lowN&K HighK HighN&K 
low N 
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Protea repens Experiments. Visual ratings indicated a steady 
decline in those plants with 300g P/m 3 and there was a significant 
N x P interaction. The highest dry weight (Figure 1) was found in 
those plants supplied with 450:30:25 g/m3 of N:P:K. respectively 
while the N.K. (6) and the low NPK (1) treatments were next high-
est. 
Toxic effects of medium and high phosphate show clearly in 
Figure 3. Growth was mildly depressed by the N x K interaction. 
There was a mild response to nitrogen and a small depression of 
growth with high K levels. Plants were observed to~how light to 
strong N toxicity symptoms (treatments 5 and 6) intbe-eaily 
stages of the experiment. 
Camellia japonica Experiment. Plants with medium N (5), 
medium NK (6) and medium P (3) were significantly larger than 
those with other treatments (Figure 1). The next highest treat-
ments were those with NP (7), NPK (8), PK (4) and K (2). 
The interaction of N x P involved a slight depression in 
growth and the only other significant effect illustrated in Figure 3 
was a fairly strong N response (left-hand diagram). 
Erica carnea 'Springwood White' Experiment. There was. a 
strong and significant response to nitrogen shown by treatments of 
6 to 9. The latter was at a ~igh rate of N plus medium P and K 
(900:300:250 g of NPK per m3). The dominant main effect of nit-
rogen was shown in Figure 3 while there were no significapt in-
teractions or response to PorK. 
Lycoperscion esculentum 'Best of All' (tomato)' Experiment. 
All treatments with 450 and 900 g N/m3 were significantly above· 
all others (Figure 1). Treatment 11 and 10 with NPK in gl m3 of 
450/300/500 and 450/600/250 were the largest plants while treat-. 
ment 6 with 450/301250 were not significantly different from 'the 
latter. 
The extremely strong N x K interaction is clearly shown in 
figure 3 where relative plant response at medium N and low K is· 
doubled by having medium levels of Nand K together. There was 
a slight depression with the N x P interaction and a strong re-
sponse to the main effect of Nand K. 
DISCUSSION 
The response to nitrogen was a common and major factor in 
the growth of all six groups of plants tested and, in all but to-
matoes. treatment 5 with a N:P:K of 450:30:25 grew plants which 
were the largest in the trials (or not significantly different from the 
largest). It is indeed surprising that medium to high levels of N 
and other nutrients plus only very small levels of P and K grew 
good quality ericas, camellias and proteaceous shrubs . 
... 
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Figure 4. The comparative grow th response of the tes t species with three different 
treatments, giving some indication of the N.P., N.K., and P.K. interac-
tions. 
High High High 
Left to right N&P N&K P&K 
g/mJ of N 450 45U 45 
potting p 300 30 300 
mix K 25 250 250 
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High phosphate levels have been observed to cause severe 
losses with commercially grown nursery plants in the Proteaceae. 
In this work Protea repens did not survive in mixes with 300 g 
P/m3 (approx. 3 kg/m3 or 5 Ib/yd3 superphosphate) while growth of 
Grevillea rosmarinifolia was significantly reduced by similar P 
levels (Figure 4). The growth of the camellias and tomatoes was 
also significantly reduced as a result of an unfavourable N x P in-
teraction. Therefore. with four species the response to nitrogen 
was depressed by the presence of medium levels of phosphate. In 
contrast. Grevillea robusta and the Erica 'Springwood White' grew 
well in mixes with NPK's of 450:300:25 g/m3 . G. robusta is native 
to the moist forested areas of Queensland ,·"hile G. rosmarinifolia 
comes from the low fertility soils of the heathlands of Australia. 
The difference in habctat and soils probably accounts for the dif-
fering response of these two species and the fact that phosphate 
toxicity occurred with G. rosmarinifoIia but not G. robusta. Other 
proteaceous plants may also tolerate medium phosphate levels; for 
example, macadamia is reported to respond to phosphate side 
dressings (12). 
The difference in nutritional requirements between the two 
grevilleas is also shown by the fact that there was an unfavourable 
N x K interaction for G. rosmarinifolia while G. robusta responded 
where Nand K were high together. The N x K interaction was a 
dominant feature in the nutritional response of tomatoes and the 
largest plants were those in treatment 12 with an N.P.K. of 
900:600:500 g/m3. 
The proteas and, to a lesser extent, camellias were those 
plants which grew reasonably well at low and nil rates of N.P.K., 
probably because of their relatively slow growth rates. Standard 
fertiliser rates for proteas, suggested by Watson and Parvin (40), 
would appear to be undesirable because phosphate levels should 
be low. Pro teas may be a low fertility plant but the two grevilleas 
responded strongly to nitrogen and grew poorly with low levels of 
this element. Although the G. rosmarinifolia is distributed on low 
fertility soils in its native habitat it appeared to have an even grea-
ter requirement for nitrogen than camellia. This may be due to the 
high potential for rapid growth of G. rosmarinifolia. 
The tomato trial was started in mid-winter but this plant grew 
extremely rapidly and responded to medium N coupled with high 
K and also high P (Figure 1). This is in contrast to the growth 
supression with high nutrient level reported from England by 
Woods, et al (42) and Bunt (10). [Iigher light levels in winter in 
New Zealand than England may accoKnt for the difference in· fin(l-
iiJ.gs and point to the need for caution when considering Northern 
hemisphere research in New Zealand. 
There appears to be quite widely differing nutritional re-
quirements both within the Proteaceae and between other plants. 
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It can be concluded that nurserymen should maintain at least 
medium levelsQf nitrogen with these types of plants grown in 
soil-less media, while phosphate levels should be minimised for 
certainllrciteaceae, particularly while plants are young (17). This 
work re-enforces Furuta's (15) comments concerning the impor-
tance of quantitative research on such aspects as potting media 
and the prime importance of interactions when examining the 
nutrition of container-grown nursery stock. 
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ABSTRAcT 
The atfention oJnurserymen is dmwn to tlie imp~riance oj 
nitrogen Jor plants. Nitrogen release in overseas andN. Z. 
. pottingmJxes, and Jrom individual Jertilisers is examined. 
Nitrogen release patterns are simplified to allow a working 
metJwd Jor comparing nitrogen leve4 at given times in 
~ifJerentpottingmixes, - . 
1. INTRODUCTION 
I?ecisic;m making and examination at" chef!1ical 
. - i~gredients.'of potting mixes is often based on very 
, . little background information. This article attempts 
. t~ provide some of the guidelines needed for 
planning nl?w mixes or appraising mixes in use. 
Furuta (1969) states that a study of potting mixes : 
requires an evaluation of physical, biological and 
chemical characteristics plus the quality, stability 
., and cost of the ingredients. He points out that it is 
, possible to establish tentative a.nd minimum 
specifications for certain parameters of soil , 
. mixtures. The minimum requirement for 
. fertilisation is given as 'slow release nitrogen 
incorporation, constant fertilisation with nitrogen 
.. and pot:tssium, and phosphorus incorporated as, 
single superphosphate'. [he application of nitrogen 
'is of high importance. Optimum growth of nursery 
plants depends on supplying nitrogen at the right 
levels and most nurserymen will have observed how 
too little gives'deficiency while excess quickly leads 
to toxici~Yl' . 
The nutrien't supply characteristics-of various' 
fertilisers has been examined by various workers. 
Cochrane and Matkin (1967) found that the rate of 
nitrogen released from osmocote (N. P. K. 
1"8-3.9-10.8), hoof and horn, and bone meal was 
roughly double that of magamp (fine grade) over the 
14 week experiment. Prasad and Galagher (1972) , 
used the same length experiment and found that the 
cumulative release of nitrogen from lBDU was 
69lJr, and 30lJr from ureaformaldehyde at 14 weeks. 
Bri9ger et al (1961) found that the total nitrogen 
converted to nitrate was 58lJr for ureaformaldehyde' 
and 65lJr for fine grade magamp after II weeks 
while with coarse grade magamp it was 34lJr . 
~lIison (1973) points out that 87lJr of the nitrogen in 
urea is converted to nitrate in 20 days while it takes 
a further 40 days foran additional I or 2% more. 
Other workers like Runt (1968) have looked at 
nutrient release and although the precise figures 
don't always agree because'of the many variables 
, effecting release', a general comparative picture can 
be drawn up. Figure I attempts'to give the actual 
nitrogen release patterns based on the findings of ' 
these workers and estimates of probable release 
based on plant response in various nutrition trials. 
Levels of other elements are comparatively much 
less critical and are less subject to loss by leaching . 
etc. Furthermore it has been found from nursery 
container research (Hocking & Thomas. 1974: 
Thomas, 1974)that nitrogen is often the dominant 
element for the growth of many container grown 
shrub~ and that other major elements like 
phosphorus and potassium need only be supplied at 
moderate levels. Scott (197:!) for example. found 
fast growing shrubs were tolerant to and responded 
strongly to high levels of liquid fed nitrogen. 
This article closely examines levels of fertilisers 
and nitrogen supply in research and commercial 
potting mixes and attempts to make 
recommendations accordingly. 
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t FERTILISER RELEASE PATTERNS 
fhe large number of fast and slow or controlled 
· 'eleasefertilisers available in New Zealand has 
meant that nurserymen have a wide range of 
•. materials to choose from. Richards 11969) la) . 
'~~described the various fertilisers available and 
tPointed out the importance of a knowledge of 
: release characteristics in the light of the growing 
;:~jtriportance of slow reiease fertilisers in container 
growing in New Zealand. Amos I 1973) discussed the· 
· :chemical ingredients of NZ mixes based on slow and 
fast release fertilisers with reference to soil tests. 
~nfortunately these soil tests do not include 
nitrogen. 
~::Nutrient release curves vary greatly in !ihape and in 
,::jm(lst cases the final few grams of nutrient may be 
···very slowly released and the top of the curve levels 
off onto a plateau. In order to simplify analysis of 
.: the. chemical ingredients of mixes at different times 
.. nitrogen reJeas.e curves have been replaced by 
.straight lines as shown in Figure 2. Osmocote 
· (N.P.K.1S-2.6-1O)is referred to as a slow release 
fertiliser releasing nutrients for 8-9 months. The 
nitrogen release from this fertiliser is shown in 
F·igure 2 as a straight line with 10071- release at tHI:! 
months. This straight line representation of release 
· rates therefore gives a broad. simplified basis for 
analysis whiCh should be suitable until more 
detailed research has been done on this aspect. 
.. '
3. RESEARCH RESULTS 
. The results of a trial using medium and short term 
,: . fertilisers in various soils~ and soilless mixes using 
. tomatoes is shown in Figure 3. The release of . 
nitrogen at given times is tabulated below Figure 3 
· using the linear release rates shown in Figure 2. 
·~omatoes are often referred to as a 'gross feeder' 
and have been shown to respond strongly to added 
nitrogen particularly when adeq~late potassium and 
·phosphorus levels are supplied. tBunt (1969). 
Th~!ol1lato.trial summarised in' Frgll~e 3 illustrates 
the value of slow release materials. Plants grown in 
the soil mixes with perlite (PPS) and vermiculite 
(VS) with total nutrients of NPK 225-150- I 25g/mJ 
we~e of similar size irrespective of the fact that one 
was with fast and one with slow release fertilisers. 
But when plants were given 450-300-250g N PK / m3 , 
supplied from fast release fertilisers, their growth 
was significantly smaller in both the-vermiculite 
mixes(V & VS) and the perlite mix (pp), than the 
plants supplied with slow release fertiliser and the 
same total nutrients (PP & PPS).~11 plants given 
the highest rilte of fast release fertilisers in the three 
mixes were very severely stunted and contrasted 
with the again significantly larger plants supplied 
with the two slo\\' rele:lse material~ . . 
These results serve as a guide fnr looking at suitahle 
levels of nitrogen release for container g~'l1wn 
plants. particularly rapid grQw!D£.Sub.iects. The 
figures giving release of nitrogen in gr,~'i per· ...,. 
month under Figure .3 indicate why the fast release-: 
materials were comparatively ~lnsatisfactllry even ! 
for a short term crop like tomatoes. The release of ; 
nitrogen from the fast release fertilisers in the first; 
two months was obviously too high. and toxic. .j 
These excessive nitrogen levels probably carried on 
well past the first month. The 4:;Og N'm3 rate 
supplied from the slow release osmncote fertilisers 
was probably close ·to the point of maximum 
response with 1~1 gN/m~ heing released per month 
for the first two months. The interesting aspect was 
that the tomatoes grown with the 900g N 1m3 from 
slow release osmocote in peat:perlite:soil were not 
significantly larger than with 450g total N!mJ. . 
indicating that increasing the rate from I ~ I to ~:;Og 
N/m,J per month proved of no value. These plants at 
the 900g N/m 3 rate were therefore in the luxury 
range of nutrient response. furthermore. when 
?rown in peat:perlite at this high rate. these levels 
proved slightly toxic and the plants were 
significantly smaller than the corresponding mix 
with Y:l soil. Soil acted as a goo~ buffer with the 
highest fertiliser rates with the perlite and 
ve.'miculite mixes and also the vermiculite mix at 
the225N-150P-125K level. Soil in the mix with both 
. fertiliser types improved the growth of plants where 
nutrient levels were 10w.·Plant growth was 
significantly greater when soil was added to the 
vermiculite and perlite mixes at the lowest fertilis~r 
rate and in the vermiculite mix at the 2~5g N im 3 rate 
as compared to the corresponding light weight 
mixes. Soil can act as a nutrient supply or 'mop-up' 
toxic levels of fertiliser. although it is noticeable 
that peat:perlite was one of the three mixes with the 
largest plants: . 
Three additional and separate trials show further 
aspects on fertiliser response and nitrogen 
requirements of plants. These were ~J factorial 
experiments with a total of 14 treatments in each. 
The five balanced or medium treatments for t\\ 0 
woody species and tomatoes \\ ere taken nut of 
these trials and are shown in Figure 4. 
The nil and low rates of fertiliser were obviousl\· 
inferior to the medium rates. The most il11pl)("ta~n 
aspects of these results is that the medium nutrient 
rute supplied from the 8-9 month fertilber \\ as 
'/. of 
N 
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FIGURE 3~ A summary diagram depleting the growth response of tomatoes to fast and slow release fertilisers and In various 
media. (Levels of significance are shown by small letters In brackets above the columns - where small letters are 
common there is no significant difference at the 5% level uslng Duncan's test). 
Slow Release Fertilisers 
Mix peat: perlite h: 1 t - pp 
peatlperlite:soil h:l:d-pps 
p,s 15 (a < 
I 
(at 
(If I 10 I I 
Dry . I g I Wt 
.iPs I I 
5 I I I 
0 
Nutri~ts . N 45 225 450 
glm P 30 150 300 
K 25 125 250 
lst mth 5 57 121 
g ll/m3 2ndmth 5 57 121 
Av/mth 3&4 
mth 5 44. 92 
-' 
pps 
~ 
900 
600 
500 
250 
250 
188 
( 
Fast Reteln Fertilisers 
vermiculite: peat: saw,dust h: 2:1) - V 
vermiculite: peat: soil ":1:1t-vs . 
peat: perlite (1 : 1 t- pp 
vs 
(¢)I 
(d' v \ v vs (d) I . (dl (d)l I I 
I I. 
I pp I I I 
: (I): I· I pp 
· . I '<Ill: V • I 
· 
I I • (II) I .• I 
• I I I 
45 225 450 
30 ISO· 300 
25 125 250 
18 138 288 
15 75 150 
6 6 6 
vs (f) I 
v I pp 
I • 
1(11). 
. 
-
900 
600 
500 
587 
301 
'6 
:'. FertiL~ra Ir.g/~3 .(1 kglm3 .. lib 110z/cu. yd) . 
Osmocote 
18-2.6-10 ' . 0.25 0.25 0.25 0.25· Floranid 0.12 0.12 0.12 0.12 
Nitrophoska I I 
Blue Sp. 0.12 0.12 0.12 0.12, 
OSmocote . 
26-~0 0.69 1.56 3.29 Bone Flour ,0.20 0.20 0.20 0.20 
Sulph. of Amm. -. 0.86 1.93 4.06 
Superphol-
. phate .~ 
. 0.26 1.60 3.26 6.60 Super 1.33 3.00 6.33 
Sulph of 
Potash 0.26 0.58 1.22 Sulph. of Potash - 0.26 0.58 1.22 
All mixes received 6 kg/ml lime + trace elements. 
'.' ~ .• I' ....... ..,'., , .~ .. 
·f.; 
. ,": ~ . ., . 
" 
--I 
,c:." 
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FlGURE 4: A f'IImman' diagram depicting the growth of Erica (,([Tllea 'Springwooo White'. Borollw mrgasrignw and tomato 3t 
different fertilizer rates and from 3 separate factorial trials. {levels of signific=~ .:an only be compared within Ont 
species - \\ith Small letters in common shown in brackets abo\'e the colu mns. there is no signifk.1llt difference at the 
51} level using Duncan's test). 
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per m3 
/month. 5 & 6 mtJis 0 S.3 
7,8.9 mths 0 4.4 
Feriilisen kg/m3 (1 kg/m3 = lib 110zi cu.yd) 
Osmocote 18 2.6 fo 
Osmocote 26 0 0 
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Potash 
o 
o 
o 
o 
.25 
o 
.26 
o 
a 
b 
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Mix: Peat:perlite (1: 1) + fertilisers + 6 kgJm3 lime + trace elements. 
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equal to the 3-4 month treatment with ericas. 
Growth was less for boronias and tomatoes than 
when supplied by the 3-4 month material. The 
differing growth from these treatments should be 
considered using the levels of nitrogen releas~d on 
average per month and given in the table under 
c""i Figure 4. It is reasonable to conclude that the 53 g 
N/month supplied from the 8-9 month osmocote 
(medium rate) is not adequate for optimum growth 
of shrubs. Probably 90- 100g N/month from the slow 
, release material would be a desirable level which is 
approximately the level of N supplied by the 3-4 , 
month,material for the first 4 months. The shrub 
crops were grown for 10-11 months and although 
nutrient release was relatively low in the first 4 
months. with the 8-9 month fertiliser nutrient. 
release continued for most of the rest of the 
growing period. The short term materials would 
have ceased supply within 4-5 months. This was 'of 
course no problem for this second tomato tri~11 
which was grown for just under three months. 
'although it was noticeable that the 900gN/m3 
fertiliser rate was no significant advantage as was 
the case in the first trial (Figure 3). Tbis high rate. 
rele~ed.1J.ll.f\\/';I::!g,e-,250gN/month overthe first:2 
mon!bswhich caused severe toxicity for ericas and 
reduced growth in the'boronias._ 
'1' A rate of 90-100gN/m3 per month from slow release 
I fe··tilisers would appear to be the requirement for 
':, tomatoes and shrubs from this data. \ . ' 
OTHER NUTRIENTS 
Phosphorus supplied at 300gP/mJ using the fertiliser 
rates given under Figures 3 and 4 proved to be 
satisfactory in these and other shrub trials (except 
,for proteaceae). 
Potassium supplied at 250gK/mJ using the fertiliser 
. rates given under Figures 3 and 4 proved to be 
satisfac.tory for shrubs. Tomatoes respond to 
higher rates. 
Calcium is normally at adequate levels in potting 
mixes due to the standard use of lime. Magnesium 
is often supplied via dolomite or complete 
fertilisers. Trace elements especially iron. are often 
added especially to soilless mixes. 
Resem"ch on nutrients for container mixes other 
than nitrogen will be published at a later date. 
MANUFACTURERS'RECOMMENDATIONS 
FOR LONG TERM FERTILISERS' 
The rates with nutrient release and crops 
, recommended for medium and long term slow 
release fertilisers are shown in Tahle 1 hased on the 
simplified and theoretical release patterns in Figure' 
., , 
The magamp recomm.endations ('or potted ' 
chrysanthemums and osmocote for shruhs. fall 
within the recommendations of approximately 100g 
N/m3 per month concluded at the end of the - ---" 
'comments on research. The coarse maganlp 
recommendation for shrubs appears too low and 
this rate should be supplemented with the fine grade 
material to give adequate monthly nitrogen rele~lse. ' 
\ ,'Floranid,osnfocote(NPK 14-6-12)uramiteand 
/ I~DUare shown at typical rates: Table I and also '\ 
, Figure I show that most of the nrtrogen from these, 
; materials is released within 3-4 months under 'A'arm \ 
\ (:20°C) moist soil conditions. : .. ,.,"',' 
'. ~ . 
In order to provide nitrogen over the same period as 
the 8-9 month osmocote a supplementary feeding 
will be necessary wi~h medium term slowrelease 
fertilisers. For example. f10ranid used as part of the 
base fertiliser at 1.5 kg/mJ will need to be applied 
again at this rate 4-5 months after potting. The 
broken line labelled A in Figure 2 illustrates the 
theoretical use of a repeat application of medium 
term nitrogen. 
A practical conversion chart \ Table 1 A) gives the 
\) approximate average nitrogen release per month 
" from 1 kg/ m3 1evels of various fertilisers. A 
nurseryman adding 1 kgof osmocote (NPK 14-6-12) 
plus 1 kg of f10ranid per cubic metre of mix can 
quickly see thanhis supplies 40 + 57 i.e. 97 g N/ml, 
each month for approximately 31h months. This 
would be a good medium nitrogen supply for up to 4 
months. . 
ANALYSIS OF COMMERCIAL MIXES 
Birch \ 1970, a & b) reviewed and tabulated the 
ingredients and nutrient levels contained in the 
principal potting mixes used overseas. Some further 
analysis and conversion of these mixes to metric 
units is given iil Table 2.' 
The basic mixes used overseas can be seen ,to be 
based on a relatively short term nitrogen supply. 
Birch \ 1970, b) pointed out the inherent danger ~f 
nitrogen starvation with U.c. mixes in Britain. and 
Richards (1969, a & b) points Ollt some of the 
difficulties in trying to use U .C. mixes under New 
Zealand conditions. Naturally the John Innes mixes •. 
which are based on soil. would not require feeding as' 
early as the U.c. mixes. These mixes appear to have 
adequate nutrients for the first 4 months for most 
shrub crops, however supplementary feeding would 
1::J I • 
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TABLE I . 
The monthly ilitrogen release from certain commercial slow release fertilisers (using F!8ure 2) based on commercial or common 
application rates, 
Fertillaer 
~""I Magamp (medium) -
j for potted cluysanth-
emums NPK(7·17,,8-S~ 
'.' : Magamp (coarse) - for 
.,'., shrubs 
.. , {7·17.8-5) 
Osmocote (18-2,,6·10) 
low iate 
Osmocote (18·2,,6·10) 
medium rate 
.". Osmocote (18-2,,6·10) 
high rate 
Fioranid (20-2·7) 
Uramite .<36-().0) 
IBDU (31·()'0) 
AVERAGE GRAMS OF N RELEASED PER M3 /MONTH 
Rate of First 3-4 5·6 7,8,9 
Application 2 month. months months months 
10,,38 kg/m3 121 121 121 
(l7Vl1bs/yd3 ) 
(727gN/m3 ) . 
8,,01 kg/m3 31 31 31 31 
(l3~ IbS/y~3) 
(561 gN/m ) 
2.37 kg/~3 50 SO SO 42 
(4Ibs/yd 1 
(427gN/m ) 
4.15 kg/m3 88 88 88 73 
(7Ibs/Yd31 
(747gN/m ) 
,5.60 kg/m3 119 119 119 98 
(9Vz Ibs/yd3J 
(1008gN/m ) 
1..S kg/m3 86 64 
(2Vllbs/yd3) 
(297gN/m3) 
0,,89 kg/m) S6 56 56 
(Ph lbs/yd) 
(338gN/m3). 
1..04 kg/m3' 93 68 
(1 ~ Ibs/yd) 
(322gN/m3) 
TABLE IA 
Basic Conve-rsion chart for nurserymen showing approximate 
supply of nitrogen per month provided by 1 kg (I ~ Ib) of 
specific fertilizers and release periods. 
Fertiliser gN released/ 
month 
Magamp (coarse) 
Osmocote 18·2.6-10 . 
Magamp (rme) 
Uramite 
Osmocote 14-6·12 
Osmocote 26-0-0 
Floranid 
IBDU 
Ammonium Nitrate 
Ammonium Sulphate 
. Nitrophoska Blue Extra 
Urea 
4 
21' 
12 
63 
40 
74 
57 
89 
227 
140 
80 
307 
. Approx. duntlon 
of supply (months) 
18 
6 
'10-18 
months 
31 
198. 
TABLE:l 
The monthly nitrog:en rele<lse rate of various standard overseas potting mixes (based on Figure 2). 
Mixes Average N release;month (gN/m3) Total Nutrients (gIm3 ) 
First 2 months lrd & 4th 5th & 6th N P K 
months 
John Innes Potting JI1 . 40 30 
""-'1 Composts JI2 ·82 61 
113 122 91 
- -~ . 
~ .• ~j 
University of . 1 17 
California Composts 2 68 ·38 (U.c. Composts) 3 119 76 
Glasshouse Growers 
Research Institute seed 28 
(G.C.R.I. Mixes) 
Potting 1 97 37 
on high N 2 116 56 
reserve· 3 134 74 
Pricking 
out low N. 91 
reserve 
Kinsealy Composts Tomato140 47 
General 185 
Peat-Ute Mixes seed 102 
growing on 45 
V~entines Composts seed 45 33 
potting 94 49 
be necessary a~ approximately 6 months. depending 
on the season, I t is noticeable that for the first 2 
months the ·second level for most mixes. such as 
__ John Innes flotting No.2. approximate to tlie 
guideline o(HlOg N/month recommended in this 
. article. However the GCRI and Kinsealy mixes with 
ISO-I90g N j m 3 per month for the first 2 months 
show that I OO~ N/ month is a safe level. 
The nutrient releas"e from potting mixes used by a 
selection of nurseries in New Zealand are listed in 
Table 3. The principal fertilisers and type of 
. production are also given. One of these mixes (G Hs 
first looked at in more detail by examining the total 
amounts of nutrients released from this soil based 
mix and the average monthly nitrogen levels. 
Mix G is a soil mix used for pot plants. It contains 
the following.: g/m,1 
.• 24 kg/m3 (.4 Ib/yd) Uramite 
.48 kg/m3 (.8 Ib/yd) Serp. 
, SU:ferphosphate ' 
.24 kg/m (.4 Ib/yd) Sulphate of 
Pottsh 
1.48 kg/m' (2'h lb) Osmocote 
14-t12 " 
1.48 kg/m (2'h Ib) Osmocote 
18-2.6-10 
(plus lime) Total 
N P 
90.2 
.33.2 
90.5 
38.6 
,~ 
92.5 
172.0 
148.3 
207.6 
267.0' 
564.8 162.3 412.8 
months 
141 94 237 
285 186 474 
" 426 280 711 
33 117 142 
211 117 142 
389 117 142 
56 58 139 
37 342 117 292 
56 456 117 292 
74 564 117 292 
182 117 292 
47 468 105 308 
371 53 308 
204 93 
89 93 222 
156 94 237 
286 139 492 
Examining the nitrogen part of the mix by looking at the 
average monthly N relea~e rate gives: 
Average release of N/Oionth g/~3 
First 2 3Id & 4th Sth & 6th 7th- 9th 
months months months month ' 
Uram,ite 15.0 l5~0 15.0 
Osmocote 14-6-12 59.4 44.5 
Osmocote 18-2.6-10 31.5 '31.5 31.5 26.0 
Total (as per table 3) 105.9 91.0 46.5 26.0 
Total N g/m3 564.8 
Mixes 0 and H will req"uire side dressing after 6-7 
months of warm conditions although feeding of mix 
H need only be in small .increments since it is a soil 
based mix and "nitrogen will be gradually released 
from magamp \ coarse) for approximately I~ months. 
Mixes G and E would last an additional 1-2 months 
before available nitrl'lgen becomes lacking. Nitrogen 
levels in mix E are higher than other mixes and are 
besLsu.ited to maintainiogth_e gn)\\'th of large shrubs 
and pot plants and could be toxic to snH\1I or 
fertiliser sensitive plants. 
Some general obsen'ations can be made about the 
mixes listed in Table J. Mixes I. C. and F appear to 
have an adequate supply of nitrogen for each of the 
first 4 months. Side dressing with equivalent I'\ levels 
-~ 
199, 
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TABLE 3 
The nlonthly nitI~en rele.J~ rate of \'arious N.Z ... ommerdal mixes lusini! F~ure ~) groupeJ unJt'r the ':rl'ps ~o\\'n. 
A~ mtue of:,\ month in g m~ 
Mix First 1 Jed A 4th 5th A 6th 7th - 9th 10th· I 8th 
months months months month month 
Trte$ anJ Shrulls 
A 63 63 63 . 52 
B 126 126. 126 . 73 
C 135 102 
• Trees; Shrubs and Pot Planu 
D .15 75 7$ 
E 150 150 150 
F' 1!1 98 
Pot I'lanu 
G 106 91 47 26 
H 78 13 56 5 
156 80 
Bedding Planu 
J 118 42 
K 43 9 
L . 38 38 38 
· as in the base dressing will he required at :. or b 
months or as the growing season dictates. broken 
line Figure .31. Fo~ example pot plants grown in 
.s 
· heated glasshouses may have an extended growing 
season. 
Mix Ais a relatively )0\\' nutrition mix which could 
be used for initial potting into small containers. Mix 
n will last an equal period. 10 monthsl without 
sidedressing being required. In this latter mix 
nutrient levels are more than adequate and in fact 
care would be needed with small plants of difficult 
subjects like waratahs or proteas. Mixes i. K and L 
are used for bedding plants. Mix J is probably closest 
to the optimum nitrogen content while rapidly. 
growing plants in mixes K and L will nee(f' 
side-dressing for optimum growth. Recent work 
i'!dicates that bedding plants are much more 
responsive to balanced NPK levels than are shrubs. 
;\forexample recent·research with marigolds . 
i indicated that they grew best with 120 iN m~ per) 
~month from slow release fertiliser/plus a base _ 
dressing of 300 gP I m3 and 250 gK m ". The . 
Total g:m3 
N P K 
534 211 297 Mainly long term osmo.:ote 
,,;th superphosphate. 
975 108 415 long term osmooote \\ith. 
some uramite. 
474 131 421 Mainly noranid \\ith some serp. 
super and sulphate of potash. 
450 107 463 Equal amounts of uramite. super-
phosphate and sulphate of potash. 
900 427 925 Ba~d on lar~ applications of 
uramile. superphosphate and 
sulphate of potash •. 
458 224 334 Mainly based on short term osml1cote. 
S65 162 413 Based mainlr on short & long 
term osmocote • 
474 498 234 Mainly based on long and shorter 
term magamp. 
472 147 245 Based on noranid. niuophoska blue 
extra. bone. dust and superphosphate. 
320 83 231 Based on nitrolime, IBOll. serp. 
super & sulphate of potash. 
104 -148 231 Based cr. superphosphate, sulphate 
of potash nitIolime & blood and bone • 
228 107 231 ~ased on uramite,superphosphate 
~ sulphate .~f potash. 
phosphate levels in Mix E and H appear to be . 
excessive while the amount of potassium in mixes C. 
E and Dis un'necessarily high and could potentially 
initiate nutritional problems since the potash 
fertilisers arerelatively shl)rt term. Pot'lssium le\'~Js 
in mi.xesJ. K and L appear to be .It a good lewl for 
hedding plants and in factthe amount of P & K does 
not appear to be too 10\\' in any of the ~ .z. 
commercial mixes listed in Table 1 
ECOJ'iOMic ASPECTS 
Minard \ 19681 and Harre \ 197.1 \ reviewed I!eneral 
plant nutrition and the types of fertilisers ~sed in 
horticulture. including prices and unit costs of 
nutrients supplied. \'an den Broek \ I qnllooli.ed at 
the costing of container production based on a total 
of 100.000 units and including all aspects from 
capital. labour and materials to sales expenses. He 
found that the compost was one of the largest cost 
items apart from raising the plants ready for potting. 
The initial phase of a study into the economic 
aspects of container mixes with cost henefjt analysis 
'..\ 
-~ ..... 
£:uu • 
.\";t/"()~I·II ;11 COIIIII;II1'1" .\1 ;.'I:I·.~ - S;II/"/~f;"d Co 11/ /}(Imli; '1' . -ll/II~\·.~;.~ 
TABLE 4 
The cost of materials to make up two soilless pot ting mLxes e3ch with. the same physical in·gredienrs. 
Jlhysiw Components of both mixes 
1 pt peat at S151m3 
1 ptsand at S6/m3 :.total cost per m3 =-SI0.50 
Osmocote Mix (8 . 9 month release) g nutrient/m3 
A. Fertilizers Rite Cost' N P K 
.Osmocote 4.15 kglm3 S19. 75/22. 7 kg 
Actual 
Cost 
S3.61 747 108 415 
18·2.6·10 
SuperphosphaJe 2 kglm3 
lime 6 kglm3 
S2.15/50 kg 
SO.50/50 kg 
.09 
.06 
180 
Total 53.76 . 747 288 415 . 
(aver3ge release of N/m3 per month = 83g) 
:. totaI cost of mix S/m3 = S14.26 
Assuming 1 m3 fills 352 PBS's (2.85 litre. bag) :. cost per plant: 
FenilizeJS 1.07 cents 
Physical compo,:\- 2.98 
TotrJ 4.05 cents/p1aJlt 
FIorInid Mix (3 • 4 month release) 
g nutrient/~3 
B. Fertilizers Rate Cost Actual N P K 
Cost 
Floranid 
Superphosphate 
lime 
1.54 kglm3 ' . 512.87/25 kg 
. 2.86 k~m3 S2.15/50 kg $0.79 308 31 123 0.12 257 
6 kg/m. 50.50/50 kg 0.06 
Total, 
+ Floranid side dressing 
SO.97 308 288 123 
SO.79 (average r~lease of N/m3 per month 
= 77 g) 
= 51.76:. totai cost .. $12.26 
Assuming 1m3 fills 352 PBS's (2.85 litre bag) 
:. Cost per plant: Base fertilisers .28 cents 
.22 . Floranid sidedressing 
Physical component 2.98 
Total 3.48 cents/plant 
. on the chemical and physical aspects has been 
completed at Lincoln College, Stevens 19731. 
Stevens, 19741 reports that subsequent studies on 2~ 
representative container mixes have shown that· 
fertiliser costs comprise between 0.8 and 35"'0 of all 
costs, including materials. labour. machiner\' 
depreciation etc) .. of preparing a comme'rci~1 . 
potting mix. However. it should not be inferred thilt 
higher fertiliser costs automatically mean greater 
benefits in plant growth. 
The cost of materials; only' to make 'up a soilless mix 
based on 8-9 month osmocote and one for floranid 
are shown in Table 4. In the osmocote mix the cost 
of materials in the mix is close to 4 cents' per plant in 
a PB5 C~ .85 I' bal!. \"ith the floranid one side dressing 
would need to' be ~carried out to gi\:e a release l)f nitn:;gen 
equal to that of the osmocote at RR.3g :\ m.lper 
month (~88gP m" is contained equally in each mix,. 
Allo\\ing for the base + sidedressing the material 
costs of the flornnid mix comes to 3.48 cents per 
plnnt or .57 cents per plant less than the alternati\'\~ 
mix. Therefore the nllrserymen must consider 
whether the labour im'ol\'ed in sidednissing, the 
efficiency of sidedressing (possibility of POl)J' 
fertiliser distribution, and other fac\()('s such as the 
ayailability of labl)ur make one of these types \)f 
mixes more suitable In hi, operatil)n than the other. 
Lo"' .... 
Nitroge/l ill ConJa;,zer Mixes - Simplified Comparative A 'UlI)'Ji.~ 
CONCLUS!ONS . 
(Nitrogen_l1!Hrition is of major importance in 
/ container culture. Given actual nutrient levels of 
month. Side'dressings of nitrogclIlllay be retJuirt·t\ 
supplernent hase dressings ofsh{lrt term slow 
release fertilisers. 
. 200-300g I>/m3 • I :S0-250g K/mJ plus a base dressing 
of 3-6 kg lime/m3 • magnesium anda supply or-trace 
elements the nitrogen release should be 
approximately 100 gN/m3 per month. For small 
sensitive or slo"' growing plants this level could be i 
reauced to 60-70g N/m 3 while large fast growing 
.. plants being potted prior to a growth period coulg 
be supplied with approximately 120 g N/m 3 per 
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ABSTRACT 
by M.B. Thomas and M.1. Spurway, Horticulture 
Dept., Lincoln College 
The attention of nurserymen 
is drawn to the importance of 
nitrogen for plants. Nitrogen re'l-
lease in overseas and N.Z. potting 
mi xes, and from individual fertilis-
ers is examined. Nitrogen release 
patterns are simplified to allow a 
working method for comparing 
nitrogen levels at. given times in 
different potting mixes. 
Decision making and examination of chemical ingredients of potting mixes is often 
based on very little background information. This article attempts to provide some of 
the guidelines needed for planning new mixes or appraising mixes in use. 
The application of nitrogen is of high importance. Optimum growth of nursery 
plants depends on supplying nitrogen at the right levels and most nurserymen will 
have observed how too little gives deficiency while excess quickly leads to toxicity. 
Levels of other elements are comparatively 
much less critical and are less subject to loss by 
leaching etc. Furthermore, it has been found from 
nursery container research (Hocking & Thomas 
1974; Thomas 1974) that nitrogen is often the 
dominant element for the growth of many 
container grown shrubs and that other major 
elements like phosphorus and potassium need only 
be supplied at moderate leveis. Sc-ott (972) for 
example, found fast growing shrubs were tolerant 
to and responded strongly to high levels of 
liquid-fed nitrogen. . 
This article closely examines levels of fertilisers 
and nitrogen supply in research and commercial 
potting mixe!; and attemps to make recommend-
ations accordingly. 
Fertiliser RelcdSe Pattern 
The large number of fast and slow or controlled 
release fertilisers available in New Zealand has 
meant that nurserymen have a wide range of 
materials to choose from. 
Figure 1 attempts to give the actual nitrogen 
release patterns' of a number of the more 
important nitrogenous fertilisers based on the 
findings of various workers and estimates of 
probable release based on plant response in 
various nutrition trials. Nutrient release curves vary 
greatly in shape and in most cases the final few 
grams of nutrient may be very slowly released and 
the top of the curve levels off onto a plateau. 
In order to simplify analysis of the chemical 
ingredients of mixes at different times, nitrogen 
release curves have been replaced by straight line~ 
as shown in Figure 2. Osmocote (N.P.K. 18-2.6-10) 
is referred to as a slow release fertiliser releasing 
nutrients for 8-9 months. The nitrogen release 
from this fertiliser is shown in Figure 2 as a 
straight line with 100% release at 8Y2 months. 
This straight line representation of release rates 
therefore 6~VCS a broad, simplified basis for 
an,dysis whid1 <1-}ould be suitable until more 
detailed i ::search has been done OIl this aspect. 
Research Results 
The results of trials on five different plant 
species, some of which were described by. Thomas 
and Spurway (975) have been summarised in the 
form of nitrogen response curves, as shown in 
Figure 3. The different rates of fertiliser applied 
are analysed for nitrogen content, which are then 
converted in terms of grams of nitrogen released 
per m3 per month, using Figure 2. 
e.g. 5 kg/m3 ofOsmocole 12/2.6/10 contains 18%N 
wt. of N. in 5 kg = 5000 x ..JJL 
100 
900 g N. 
From Figure 2 '-. there is a theoretical 100% nitrogen 
release from Osmocole 18-2.6-10 after 8!h months. 
wt of N. released per month/m3 = 900 
8.5 
= 106 g N. 
All species show a res_ponse to added nitrogen 
up to a level of approximately 106g N/m3 per 
month. 'For four of the species increasing to a 
higher rate than 106g N/m3 per month had the 
effect of reducing growth, the degree of toxicity 
varying with each species. Tomatoes are often 
referred to as a "gross feeder" and· show a strong 
response to added nitrogen, particularly when 
adequate potassium and phosphorus levels were 
supplied, even up to a level of 220g N/m 3 per 
month. . 
/ A rate of 90-100 gN/m3 per month from 
( fertilisers in a potting mix would appear to be the 
"t;equirement for m~.!ihrubs. . 
Other Nutrients - , 
Phosophorus supplied at 200g P/m3 proved to 
be satisfactory in these and other shrub trials 
(except for Proteaceal.) 
Potassium supplied at 250g K/m3 proved to be 
satisfactory for shrubs. Tomatoes .respond to 
higher rates. 
Ca\Cilllll is normally at adequate levels in 
potting mixes due to the standard use of lime. 
Magnesium is often supplied via dolomite or 
complete ICrl ilisers. Trace elcmcnts especially 
iron, are often added especially to soilless mixes. 
Manufal'(urcrs' Rccofllmcndalions for long term 
fcrtiliscrs 
The rates. with nutricnt release. recommended 
for medium and long tcrm slow release fertilisers 
are shown in Table 1 based on the simplified and 
theoret ical release pattel'l1s in Figure 2. 
The Magamp recommendations for potted 
chrysanthemums and Osmocote for shrubs fall 
within the recommendations of approximately 
l00g N/m3 per month concluded at the end of the 
comments on research. The coarse Magamp 
recommendation for shrubs appears too low and 
this rate should be supplemented with the fine 
grade material to give adequate monthly nitrogen 
release. 
Floranid, Osmocote (NPK 14-6-12), Uramite and 
IBDU are shown at typical rates. Table 1 and also 
Figure 1 show that most ofthe nitrogen under these 
materials is released within 3-4 months under 
warm (20°e) moist soil conditions. 
In order to provide nitrogen over the same 
period as the . 8-9 month Osmocote, a 
supplementary feeding will be necessary with 
medium term slow release fertilisers. For example, 
Floranid used as part of the base fertiliser at 1.5 
kg/m3 will need to be applied again at this rate 
4-5 months after potting. The broken line labelled 
A in Figure 2 illustrates the theoretical use of a 
repeat application of medium term nitrogen. 
A practical conversion chart (Table 1A) gives the 
approximate average nitl'Ogen release per month 
from 1 kg/ m3 levels of various fertilisers. A 
nurseryman adding 1 kg of Osmocote (NPK 
14-6-12) plus 1 kg of Floranid per cubic metre of 
mix can quickly see that this supplies 40 + 57 i.e. 
97 g N/m3 each month for approximately 31h 
months. This would be a good medium nitrogen 
supply for up to 4 months. 
Analysis of CommerclalMixes 
Birch (1970, a & b) reviewed and tabulated the 
ingredients and nutrient levels contained in the 
principal potting mixes used overseas. Some 
further analysis and conversion of these mixes to 
metric units is given in Table ~. 
The basic mixes used overseas can be seen to be 
based on a relatively short term nitrogen supply. 
Birch (1970, b) pointed out the inherent danger of 
nitrogen starvation with U.c. mixes in Britain, 
and Richards (1969, a & b) points out some of the. 
difficulties in trying to use U.c. mixes under New 
Zealand conditions. Naturally the John Innes 
mixes, which are based on soil, would not require 
feeding as early as the U.c. mixes. These mixes 
appear to have adequate nutrients for the first 4 
months for most shrub crops, however 
supplementary feeding would be necessary' at 
approximately 6 months, depending on the season. 
It is noticeable that the John Innes No.2. and the 
U.c. compost C No. 3 approximate to the 
guidclinc of 100g N/month recommended in this 
article. However, the Kinsealy mixes with 140 and 
185g N/m3 pCI' month for the first 2 months show 
that 100g N/month is a safe level. 
203. 
Average release of N/month g/m3 
First 3rd & 5th & 7th -
2 4fu 6fu 9fu 
months months months 11l0~th! 
Ura mite 15.0 
Osmocote 14-6-12 59.4-
Osmocote 18-2.6-10 31.5 
Total (as per table 3) 105.9 
15.0 
44.5 
2.li 
91.0 
15.0 
~ 
46.5 
26.0 
26.0 
Total N g/m3 564.8 
The nutrient release from potting mixes used by 
a selection of nurseries in New Zealand are listed 
in Table 3. The principal fertilisers and type of 
production are also given. One of these mixes (E) 
is first looked at in more detail by examining the 
total amounts of nutrients released from this soil 
based mix and the average monthly nitrogen 
levels. 
Mixes C and F will require side dressing after 
6-7 months of warm conditions although feeding 
of mix F need only be in small increments since it 
is a soil based mix and nitrogen will be gradually 
released from Magamp (coarse) for approximately 
18 months. Mixes E & D would last slightly longer 
than C and F, before available nitrogen becomes 
lacking. Nitrogen levels in mix D are higher than 
TABLE 1 
The monthly nitrogen release from certain comm-
ercial slow release fertilisers (using Figure 2) based on 
commercial or common application rates. 
Average g N 
Fertiliser Rate of released/m3 
Application month 
'Magamp (fine) for 10.38 kg/m3 ] 2] 
potted chrysanthemums (I 7!fJ. Ibs/yd3) 
NPK (7 -17.8-5) 
Magamp (coarse) - for 8.01 kg/m3 31 
shrubs (7 -17 .8-5) (13!fJ. Ibs/yd3) 
Osmocote (I 8~2 .6-10) 2.37 kg/m3 50 
low rate (41bs/yd 3) 
Osmocote (18-2.6-10) 4.15 kg/m3 88 
medium rate (71bs/yd3) 
Osmocote (J 8,2.6-1 0) 5.60 kg/m3 119 
high rate (9!fJ.lbs/yd3) 
Floranid (20-2-7) 1.5 kg/m3 86 
(2!fJ. lbs/yd 3) 
Uramite (38-0-0) 0.89 kg/m 3 56 
-~ --~~\ (l Yz Ibs/yd3) 
"mDU (31.:0-0) I .04 kg/1113 93 
_../- (I % Ibgs/yd3) 
r---
"":.! 
TABLEIA 
Basic Conversion chart for nurserymen showing 
approximate supply of nitrogen per month provided 
by 1 kg (1'~lb) of specific fertilisers and release 
periods. 
Fertiliser 
Maga mp (coarse) 
Osmocote 18-2.6-' 0 
Magamp (fine) 
Uramite 
Osmocote 14-6,12 
Osmocote 26-0-0 
Floranid 
IBDU 
Ammonium Nitrate 
Ammonium Sulphate 
Nitrophoska Blue E?,-tra 
Urea 
. ~~ 
TABLE 2 • . 
Approx. 
gN released duration Qf 
/ I supply mont I ( tl) mon IS 
4 18 
21 8\-2 
12 6 
63 
40 
74 3~ 
57 
89 ~ 
227 
140 
80 1~ 
307 
The monthly nitrogen release 'rate of various 
standard overseas potting mixes (based on Figure 2) 
Average N release/month (gN/ml) 
Total Nutrients (glml) 
, 
N P K ' " 
Mixes" 
John In'nes Polling HI ' 40 30 141 94 237 
Composts J 12 82 61 285 186 474 
JI3 122 91 426 280 711 
University of I " 17 33 117 142 
California Composts 2 ',: 68 38 211 117 142 
(U.c, Composts) (C) 3 119 76 ~89 117 142 
Kinsealy Composts Tomato 1'10 47 47 468 105 308 
General ·,\.85 371 53 308 
, 
Mix E is a soil mix used for pot plants. It contains the 
follOWing: 
g/m3 
N P K 
.24 kg/m3 Uramite 90.2 
.48 kg/m] Serp.Supeq~hQsphate 33.2 
. 24 kgim3 Sl,Ilphate of:.Potash 92.5 
1.48 kg/m3 Osmocote 14-6-12 207.6 90..5 172.0 
1.48 kg/m3 Osmocotel 8-'M-10 267.0 38.6 148.3 
(Plus lime) . Tolal 564.8 162.3 412.8 
Examining the nitrogen part of the mix by looking at 
the average monthly~Nrelease rate'-glves: ' 
204. 
other mixes and are best suited to maintaining tht 
growth of large shl'Ubs, and pot plants and could 
be toxic to smalJ or fertiliser sensitive plants. 
Some general observations can be made aboUi 
the mixes listed in Table 3. Mix B appears to haVE 
an adequate supply of nitrogen for each of thE 
first 4 months. Side dressing with equivalent N 
levels as in the base dressing will be required at S 
or 6 months or as the growing season dictates. For 
example, pot plants grown in heated glasshouses 
may have an extended growing season. 
Mix A is a relatively low nutrition mix which 
could be used for initial potting into small 
containers. Mixes G and H arc used for bedding 
plants. Mix G is probably closest to the optimum 
nitrogen content whiie rapidly growing plants in 
mix H will need sidedressing for optimum growth. 
Recent work indicates that bedding plants ,are 
much more responsive to balanced NPK levels 
than are shrubs. For example recent research with 
marigolds indicated that they grew best with 120g 
n/m3 per month from slow release fertiliser olus a 
base dressing of 200g P/m] ana 250 gK/m~ The 
phosphate levels in mix D and F appear to be 
excessive while the amount of potassium in mixes 
B, D and C is unnecessariiy high and could 
potentially initiate nutritional problems since the 
potash fertilisers are relatively short' term. 
Potassium levels in mixes G and H appear to be at 
a good level for bedding plants and in fact the 
amount of P & K does not appear to be too low in 
any of the N.Z. commercial mixes listed in Table 
3. 
Economic Aspects 
Van den Broek (1972) looked at the costing of 
container production based on a total of 100,000 
units and inc1ud ing alI aspects from capital, 
labour and materials to sales expenses. He found 
that the compost was one of the largest cost items 
apart from raising the plants ready for potting. 
The initial phase of a study into the economic 
aspects of container mixes with cost benefit 
analysis on the chemical and physical aspects has 
been completed at Lincoln College (Stevens 1973) . 
Stevens"(974) reports that subsequent studies on 
25 representative container mixes have shown that 
fertiliser' costs comprise between 0.8 and 35% of 
all costs (including materials, labour. machinery 
depreciation etc) of preparing a commercial 
potting mix. However, it should not be' inferred 
that higher fertiliser costs automaticalIy mean 
greater benetits in plant g,0wth. 
The cost of materials (only) to make two soilless 
, -: '-, 
: .. ":-..:~ 
·"'-·:1 
.. 
1st ::! 
Mix months 
TABLE 3 
Till? monlhly nillOgcn rele~se rale of various N.z. 
clllllmcrcialmixcs (using Figure 2) gflluped under the 
crops grown. 
Average release of N per month in g/mJ 
3rd & 4t;\ 5th & 6th 7th-9th 10th-18th Total g/m3 
months months munths munths N P K 
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Trees and Shrubs and Pot Plants 
A 63 
B 135 
C 75 
D 150 
Pot Plants 
E 106 
F 78 
Bedding Plants 
G 118 
H 43 
63 63 52 534 211 297 
102 474 131 421 
75 75 450 107 463 
150 150 900 427 925 
91 47 26 565 162 413 
73 56 5 5 474 498 234 
42 320 83 231 
9 104 148 231 
B. TABLE 4 Release Period for Fertilizers 
Release* 
Period 
(Mnths) 18 8V2 6 3V2 
Examples: Magamp Osmocote Uramite, Floranid, 
( ~oarse) (I 8-2.6-10) Magamp Osmocote 
*Tentative figures based on Figure 2 (fine) ( 14/6/12) 
IBDU 
C. FORMULA FOR CALCULATING FERTILIZER 
QUANTITIES FOR A REQUIRED NITROGEN 
LEVEL 
grams 
Mainly Inn1! term osmocote with 
superphosphate. 
Mainly Iloranid with some serp: 
super and sulphate of potash. 
Equal amounts of uramite, super-
phosphate and sUlphate of potash. 
Uascd on large applications of 
uramite, superphosphate and sulphate 
of potash. 
Uased mainly on short & long term 
osmocote. 
Mainly based on long and shorter 
term magamp. 
Uased on nitrolimc, IBDU serp. super 
& sulphate uf potash. 
Based on superphosphate, sulphate of 
potash nitro lime &. blood and bone. 
lY2 
Urea, 
Nitrophoska, 
Ammonium 
nitrate. 
Fertiliser(s) = grams N/m3 (req'd per month) x release period (months) x 100 
needed %N in fertiliser 
per m3 
D. FORMULA FOR COMPARING N LEVELS 
BETWEEN DIFFERENT MIXES 
Total grams N/m3 per month = grams fertilizer/m3 x %N in fertiliser 
for mix release period (months) x 100 
.. 
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FIGURE 3: Nitrogen response curves. the growth of LycoPcrsicon 
esculcntum (tomato), Boronia megastigma. ~.£!.!..!:!!! 
'Sprlngwood White', C.:Jmell~ laponica, and 
,rosmarinifolia in response to different nitrogen levels. 
18 
'-j 
I 
'I 
:1 
mixes was examined by Thomas and Spurway 
(1975). A mix based on the Osmocote 18-2.6-10 
had a total cost of S 14.26/m3 for physical 
components and fertilisers while a similar mix 
based on Floranid casted out at $12.26/1113. Using 
PB5 (2.8 I) planter bags the mix cost per· potted 
plant would be 4.05 cents for the Osmocote and 
3.48 cents/plant for the Floranid mix. The figures 
include an- allowance for the cost of additional 
fertiliser to allow one sidedressing of Floranid. This 
is needed because nitrogen release in the Floranid 
mix would be exhausted approximately 3 months 
earlier than the Osmocote mix even though they 
were both containing sufficient to supply 80 g 
N/m3 per month for the first 3-4 months. 
The Floranid mix would be 0.57 cents cheaper 
per plant or $2 per 352 plants but has to still 
include the labour involved in sidedressing out of 
this amount. In addition other factors such as the 
efficiency of sidedressing (possibility of poor 
fertiliser distribution and uptake) and aspects like 
the availability of labour and the need to record 
which mixes' need sidedressing all must be 
considered. It seems probable that the more 
expensive Osmocote mix is likely to be more 
convenient and efficient and possibly more 
profitable than using shorter term fertilisers with 
low initial costs. 
Condusions 
. Nitrogen is of major importance in container 
f cultme. Given actual nutrient levels of 200-300g 
I P/m3 , 150-250g K/m3 plus a base dressing of 3-6 
kg lime/m3, magnesium and a supply of trace 
. elements the nitrogen release should. be 
\ approximately lOOg N/m3 per month.)\Fo! smAll 
sensitive or slow growing plantUhis lever could be 
reduced to 60-70g N/m3 while large fast growing 
plants being potted prior to a growth period c0!lld 
be supplied with approximately 120g N/m3p~r 
month. Sidedressings of nitrogen may be required 
to supplement base dressings of short term slow' 
release fertilisers. 
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ADDITIONAL FORMULAE, F Af-:TS & FIGURES 
A. CONVERSION FIGURES 
1 oz fertilizer /1 cu. yd. 
1 pound fertiliser/cu.yd. 
1 kg./m3 
::::I 37.07 g/m3 
593.24 g/m3 
1.686Ib/cu.yd. 
(approx I 2/3Ib/cu.YI 
1 m3 = 1,000 lit res 
:.1 kg/m3 = 1 g./ I 
An 1,6 m3 box has all its sides 79.37 em long. 












































